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Je NTRODUCTION 


ime Arcttemis of strategic importanee to the United States 
moeeewo Malin reasons. Primarily, the Soviet Union and the United 
States share a common ocean border. Second, tne Arctic Ocean 
Meeves aS a barrier to attack from tne north. MTIhe Arctic is 
memommne a very important area of forward depioyment, due to 
the threat of Soviet suomarines and the importance of maintaining 
Memernce DOIntS™ such as the Bering Strait and tne Greenland-Iceiandc- 
United Xingdom zao free of Soviet vessel movement. Soviet suonarine- 
mene ned DalilisStic missiles represent a major threat since subdlarines 
are now beinz deployed in the waters of tne Barents Sea and 
adjacent marginal ice zones (HiZ) of tne Arctic Ocean. After 


memes Their nome port of “lurmanskK, Soviet nucisar submarines 


Memmmeoass SOUTH Of Spitzbergen and oroceed under tne arctic ice 


Meme ei Ol Greenland, orovVidirz the Soviets witn an exceis ent 
MeremelOn LOr targeting tne United States and Canada. Hes sil as 


Meee rror] tnis location would take 15 minutes to reacn their 
Smee caestinations instead of the 30 minutes required it tne 
ees les were fired from a Soviet base. (Jommaon, EC. 

peas 1902) 

MimeioOrtade Melt bon Gf coe Arctic 15 the martina. ice zone 
ez): this is tne area of oroken ice separating the open ocean 
Meetmecie tast ice alons tne coast. It i8 in a stave of constant 
Peeree Caused Dy Ocean CcurrentsS and tne synoptic weatner pattern. 
Metre lou_ cima trerest in tnis thesis is the Easc Greenianu 
Sea riiZ, Knowledze of its synoptic and mesoscale mneteoroiosical 


: 


conditions and features are minimal due to a lack 0f Gian 
observations. Within the HIZ, atmospheric forcing 15 Of (pia 
importance in the interpretatiom of upper ocean Mix iia 
movement and acoustic properties. 

The Marginal Ice Zone Experiment (MIZEX) took place in the 
summers of 1983 and 1984. This tnesis considers 1984 data only. 
Preliminary results from these experiments have been summarized 
by Johannessen (1985). 

MIZ2xk was a Six week study of tne atmospheric, oceanvema. 
lee pronerties of tne tnarginal ice zone and was conducted by 
selientific groups from West Germany, France, Denilaric)) 7 pa 
llorway, Switzerland, treland, Canada, Engiand and Giew o 
States. Tnis represented the largest internationally coordinaved 
Aretic experiment ever attempted. Tne exneriméentel area veo sa 
125 square miles of the kast Greenland Sea and is i118 07 
Goa pla a |. 

The WiZexr research prozram was intended to increase 


understanding or the transition zone from the fast ecu 


— 


cr 
® 


tne coast of Greenland to tne open ocean (Johannessen, e 
al., 1983). The objectives of the meteorological studies durin- 
Die wihZen ere ao folios. 


1. To characterize surface layer foreins of tne ice and aie 
ocean wilen contributes to mesoscale atinospneriec cyc.022 gee 
A073 GCenNt. LO. Ene ail. 


es Id understand now the vercetes andere cence 


of mesoscaie atnospheric features @re related to fie sure 
SOT Geen. 


oe) 


To relate atinospheriec features to enameinz 1¢e° aide 
conditions remotely sensed from surface (roughness me 
tropospneric (cloud) properties. 
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Of primary meteorological concern in the marZinal ice 
is the surface stress, which contriBuUvesS to changZing tne Upae 
part of the ocean, to ocean eddy formation and dissipation and 
to ice movement. It is unrealistic when estimating the atmospileric 
forcing in the MIZ, to assume that wind speeds and atros pa aa. 
boundary layer structures are the same over the ice; the ice 
edzge and the open ocean. The transition from ice to ocean 15 
enaracterized by large changes in surface Voegenness and )to 
acu res In addition, considerable cnangesmin tne relav vom. 
petween pressure gradient and Suriace Windy ciocity CCCU, eens 
due to changes in tne boundary teyer nelsny Or tnrousn oaroclinic 
erfects caused boy horizontal atmospneric tempereture Gradzoane. 
or @ sloping inversion. Ciikaaleveny, cLomea eos 

in this thesis, the surface layer wind, tendseratyy oe 
im particular, tne variation of surface Sbress in t26¢ Oo] eee 
alonzs tne marginal ice zone, durinz “i[1ZEX, will ve disenemeas 
Tne stress values were obtained using tke dissivation “iewee 
deseri5ed 1 Coapter 42) From these values the neutral (aie 
coefficients were obtained anaGd will be conoared to tie joe 
jerived open ocean draz coefficients of Larzse and Pond (1 3amm 
Vaciations in tne surface stress wiitl be related to Syromeeme 


Secale enanses. 


EZ 


Pe So Boek VATIONS ADeCALCULATIONS 


PeeeeoeNERAL MEASUREMENTS 

The meteorological experiments of MIZEX 034 were designed 
memeenvestizgate Variations in atmospneric forcing in the ifiZ. 
Semescalc fOrecing seems to pe the most important scae of forcinz 
Memmeeiis region of large norizontal gradients in tnermal and 
memeroness conditions. It is believed tnat both microscale (surface 
layer) and synoptic-scale (upper-level) properties and odrocesses 
MemeenoOrtrany in determining the MI1Z mesoscale features. Fic. ? 
memeees the HiZEX organizational view of tne importance or va.‘ious 
Meemees, processes and available data for meteorolozical Cyst Gra sheers 
Mice Marsinal ice zone. 

mee shivds Mol ved etn UAeeN ss MWe teOrOLOt1lCal measure senc: 
Guring tne tifZEX are listed in Tabie 1. The days tne measuravcents 
were taken are also tisted. Peewee: SOeea ond Haazon 0507 
MeeeOorOiOzsy measurements were made by Waval Postztzraduate Senoo.: 
Mp@eseitatbOrs in addition to Rk. W. Lindsay onboard the Porar 
paeen. (tomes telrOou@tns Of whe Ships Waemin tne ice, at sue 
mee cadze, in the open water off the ice edzte, and the cooridiuacec 
Meee and Woper ievyel measurements, ylelded a data set wnien 
Sei oc interpreted for mesoscale teatures and tneir erfecc on 
Surface pnenomena (acoustic, ice and ocean). 

Heme rOus MeveoOrOLOvical meastirements were taken onodoari 
meen, VY haalon Wosay from 15 June to 15 July 1934. These measure- 
eeommand Chee systems Or sensors used are listed in Teabie 2. 


mero witidicaves tae location of the sensors onvdoard tne 
bed 


els Jere. CeooN Cour 1 tc 
Oistribufions Features and Signatures 
and torcing E¢dy Occurence and Propagation 


MICROSC] Le ; ploy SUNGrthiGss 


Surfoce Layer Fiuxes Horizantal Gradients Surfece 


Temperature 
Stability Convectian 


Air Mass 
Radiation Batance Canvergence Zanes Trans formation 


PAL Structure Claud Patterns oper Level 


DATA SOURGES 


Existing Netwark 
Shios 

lce Camo 

Buays 


Polar Orbiting Satellites 





Fisure 2. Atmospneric Processes 
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TABLE! 


SHIPS IN MIZEX 84 WHICH COLLECTED 
METEOROLOGICAL DATA 


SHIPS 
USNS LYNCH 
MV POLAR QUEEN 
MV KVITBJORN 
MS HAAKON MOSBY 
FS POLARSTERN 


FS VALDIVIA 


PERIOD 
MAY 18 JUNE 
MAY 29 SUlLey 
MAY 30 OHO ys 
JUNE 12 JULY 
JUNE Il sub 
JUNE 20 SUE 


ibys 


METEOROLOGICAL MEASUREMENTS/OBSERVATIONS 


TABLE II 


ON THE R/V HAAKON MOSBY 


Measurements 
Med sve = 


Radiation (down 
and reflected) 


Sea Surface Temper- 
ature 


Mean surface layer: 


Wind (speed, 
direction) 


Temperature 


Humidity 


Aerosols 


Turbulent Kinetic 
Energy Dissipation 
Rate 


Inversion Height 


Temperature, Humidity, 


and Wind Profiles 


Sky and Sea 
Conditions 


Sensor/System 


Long/short wave 
radiometers 


Floating thermister 


Cup anemometer, 
vane 


Resistance thermo- 
meter 

Dew cell 

(coal Mirror) 


Optical Counters 
(Aeeto scO0) 


Hot film/ 
Miniature 
Sodar 


Vaisala 


(MIZEX-84 schedule): 


Radiosonde 


Visual observations 
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Frequency 


Continuous 


Continuous 


Continuous 


Continuous 


Continuous 


Continuous 


Continuous 


Continuous 


Continuous 
4 or 8/day 


Hourly 


Aqsow uoyeeyy A/Y *¢S oANsTy 
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R/V Haakon Mosby. All measurements were taken in tne ice free 
region of the MIZ, as can be S€e@n from the general oc ameaes 
of tne ice edge acl alae path Ofmehne R/V Haakon Mosby 

(Figure 4). 

A total of 1365 successful radiosonde launches were performed 
on the Haakon Mosby. The normal frequency of launcnes was four 
per day with an increase Toweight per day during 9 = i500 
An onboard acoustic sounder, SODAR, was used to indicate convective 
activity (up to 600 meters) and the presence of inversion layers. 
Tne collection of surface layer mean and turbulent data beneritec 
from tne synoptic and mesoscale CID station procedures Taian 
the ship was oriented @mte@yine wind and unintérrusted dace 
ootained for 30-60 minute meds . The transit patterns enavled 
measurements along trackSewitm various orientations Co jena 
edge and oceanic fronwee Daea collected adjacent tome 


edge were often adverseiyeatieccred by icing} Of Curjul en ee 


4 


sensors wnen fog was present, whicn was 305 of tne tine. 


3. HOT FILE HEASUREMNENDS 
A key measurement in this analysis is tne not film meagan 
Qisn frequency fluctuatiomea Of wind soeed from whicn oa 


md = : as As = : 
tress, ! , will be c3aheueya-a. Mfeasurenent of tne 3trSs gue 


Ga 


difficult to do directly Bogie ard a Siip. However, oy measuring 
ign frequency velocity fiuetmWacions and calcu.atin;s tile Curoeee 
Ainetvic enerzy dissSi Caters, an eSstii.ate of { Ocoee 
Odea ined. The fluctuations of Wind speed at nign frecdenews 


wore Measured. UsaG a nov Tliw anenoneter. Because tne response 


w-$ 


El re es - 
atreeved 


Of -Cne Mot. ff ibm aneiiome oo hovered 
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by the environment, in situ calibration of the not film anemometer 
was performed. This was done by caleulating a least Sie 
oest fit between the not film anemometer voltages, and the cup 
anemometer wind speed for several ten minute averages. 

Periods of light wind (<4m/s), rain, drizg@gle, sleet; "sma 
and radio interference ali had a significant effect on the hot 
film anemometer voltage. Any water droplets Striking snemeaew 
film surface result in latent neat reiease. Unis causes =a Suge 
cooling, inducing a jump in voltazse and "proequvemnse Soa 
Ci tet echa ta: Tnis contaminates the high frequencies and (eesmiaa. 
in large erroneous drag coefficient estimnaves. Frericcs Gia 
winds do not cool tne film Surface Sufiiciently Uc Sreven lice ee 
tion, producing erratic drag coefficient values. Flow disvataee 
around the snip's structure is also a proclem Wich -aoe ees 
moderate winds. Radio transmissions sometimes produce (reqje@iaare 
in tne inertial suoranze resulting in erroneous drat cocii tee 


values. 


Ce. SIRESS BSTIMATE Ser ROMs OCH sen eo ee ee 


Tre turbulent kinetic energy (7.K.2.) balance can 5e ey pigeee 


ao TOrlous: 





oe 2 - 
ak re es 7 Jaa = 2. Cave+ + Soo = 6 
ae Ozu P 
i = Virtual tenperature 
jes = Surface Layer temperature 
Us = surface friction velocity wnere 


ous 4 


a Fee tne local time rate of chan esos ..cce 


2 iG = i I% 3 = alas ° “, o 
us (Voz) tne wind shear production of T.X.&. 
lal 


g(t Zp) =metomouovancy production of T.K.E. 

o/az (ue +4 we") = redistribution of T.4.E. 
feeeeeoace Of dissipation of T.K.E. 

if a steady state is assumed and the diverzence term is assumed 
Pomeoerelatively small compared to the other terms, tne T.K.&£. vdal- 


a@eemean be expressed as; 


OE SE Ty SUL geal A ( 2) 
Z BE 
DoD 


Tne mean surface layer wind flux profile ttust also de used and 


is defined as follows: 


Ou v 
ene 7 
- — © CURD (3) 
ous, 2 Bede wVemerea! gradient of tne wind speed 
Mme = VOn Karman constane (.4) 
4. (%) = dimensionless stability funetion based on surface 
ence S 

Memes caDllity parameter is a funetion of z/L, where = is tue 


neignt above the surface and L is the donin-Odukov ienstn. 


Z TL’ 
Te. = 25 = S (er ale ) (4) 
a 2% 





Peeecomoining the above three equations, tne friction velocity 


SaenOw De Written in terms of % claims (me eye 
Y. 
Ke 3 
OF = = *__ ) e> 
on (4) -“ 
Tne denominator is replaced oy $ ¢ (%) on O@ewodois Of SCinpirical 


mermulations. PomommeriotcrOn adjusts tor tne Stavllity of tne 


meyer. sy definition: 
al 


=o 

unstable $.° [a- IG “h) \- ce 

Sta Disc Oe: C4 ae 231 4) 

neutral be = 
At this™ Stage, given 27 @Gegaoq lees & must pe determined to 
obtain a U* value. The Kolmogoroff tnéory for the energy density 
spectrum in tne inertial subrange is used to calculate a value 
for the kinetic eEnerey ates tear fon see W1lth tnis mevmere 
the following one dimensional power spectrum 1s assumed tO Pe pres: 
the fluctuations of tne wind velocity at Hizn frequenci aaa, 
tne inertial subrange. No energy is produced or dissPgave 


in this subrange. (Lumley and Panofsky, 1904) 


vi - 35 
Sade.) ze Ky? 
(a) 





Awe! 
®% iS aan enplirical coeffictrent, usually set to .52. By inven 


the Kolmozgoroff spectrum between Wavenunibdéers, in tne incre 
sSubrange, the friction velocity can be calculated as Pamgamee 


Gls ais. Toro le 


= 
y, -2 . y 
je eee. a a eee 

*” Tu ; Tra GC (2) {. (7) 

Geel u 
Lt: = > az foe oe nz 
Jua( = Standard deviation of u fluctuations in the invesraved 
\ inértial Subfanve bound edmo mae aids. 

Talis sives a estimate of the frivetion velocity oased on vas eum 


fluctuation measurements With corrections for THe Stao pee 


Of tne. layer. 


i) 
ee) 


Deol nReoo EOLIMATES FROM BULK FORMULAE 

mover Meuwege fOr the .estimation of U* involves the use 
Gaee log profile. It is useful as a comparison of tne stress 
estimates obtained from the hot film and the wind speed ten 
Hewes above the surface. | 


Integration of equation 3 yields (Paulson, 1970): 


2 (in Eee) ( 8) 
K 
Meee roughness length 
Y = stability parameter 


Y for the unstable case (z/L<Q): 


e =I 
Y=2\InvreR - In tex ~ 2tean ~ + 
2 2 


bol = 


(39) 


y, 
where ¥20-6(*%))* and 2 => or 10 


Mere coe stable case (z/L>0O): 


“) 
where Q eco ee lors will yield a foe profile witn stasilivy 
Meeeeertons in terins of zZ/L. The neutral drag coefficlent (Cp:) 


can now be defined as: 
zZ 


Con ( In 77 ) (14) 


Meeeey, the eenecral equation for the drag coefficient in ters 
BEY and Chi Can, oe written as: 


-\, -2 
ons C Son - =) Cre) 


sas 


The Large and Pond (1981) drag coefficients were determined 
from open water measurements. These conditions are in contrast 
With the surface in the marginal ice zone of the East Greenland 
Dea A comparison of the two drag coefficients should produce 
some insight to tne forcing mechanisms Tound in ere Ti. 


now they differ witn those found in the open ocean. 
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ie. SGuNE VA orOrmEeL¢C CONDE TONS 


The summer synoptic-scale circulation patterns in the zast 
Greenland Sea are fairly weak throughout the troposphere. A 
feeeoery flow pattern is generally present a 500 mb witn a low 
eentered over the Aretic Ocean. A persistent low-level inversion 
meee OVeEr icescovered areas preventing an intrusion of upover 
level winds. eratus Clleudsmareerrequently found gn tine vicinity 
Seeeeiye ice edge. Cyclones tend to originate over Greenland 
meeeecune Urals of Russia. MeOumiloweend vor ocelude near itcetand 
Sremeoaiitin Bay. High pressure systems are usually present cover 
Meeentand, the Canadian Archipelago and just north of Russia. 

Riau toneet er boc emajor Synoptic changes, the Greenlane 
ice mass exerts a mesoscale effect on tne East Greenland Sea 
mmc Kowadodalic winds fl®wing off “he “iiee woap. tTnese'’ winds 


Meeever do not extend more than 15.0 km from tne coast. 


een veer 15 JUNE TO 15 JULY WEATHER PATTERN 

Time series of true wind speed and direction, air and 3ea 
meroeratrure, and surface pressure, are snown in Fiz. 5. Taese 
measurements were taken onboard tne R/V Haakon Hosby fron 15 
meee to I> July and define the synoptic events occurrins durin: 
reece x. Reet ot lon Windessveced Will oe immieistigated alcon,; 
Peete che Cnoansges in surface pressure and tne stadility of tne 
layer. in aecememon vos tme time series, synootie enarts of tne 
PeeeeA area from 15 June to 15 Ju:y are also oresented in tnis 


Siaapter. 
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Figure 5. 15 June - 15 July Time Series for True 
Wind Speed, Temperature, and Surface Pressure 
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Several synoptic scale systems influenced the East Greenland 
sea MIZ from 15 June to 15 July as can be seen from Fig. 5. 
Mmoemroaching Severm systems are indicated by a drop in surface 
pressure and an increase in air temperature due to warm advection 
meem the south. Sea-surface temperatures remained sligntly 
meaner than air temperatures tnorougnout the MIZEX, Sea temperatures 
were normally between 1.0 to ch een oe However, air temperatures 
Mme tuated widely ranginz from 7.0  C. to -4.0 ° C., depending 
meen the synoptic conditions. Five separate nign wind periods 
mememerred and were associated with low pressure systems in the 
resion of Svalbard. Four of these were centered east and soutneast 
SeeeovaloOard resulting in north to northeast winds (paraliel 
to tne ice edze) over tne open water region. (19-21 June, 23-26 
moe, 5-4 July. 6-7 July). The fiftn low was west of Svaloard 
resulting in south to soutneast winds (onto tne ice edze) over 
the open water region (23-26 June). wind speeds ranged fron 
Meeeoi7s during intense storm activity to 5.0 m/s during periods 


Seeignat winds. 


eer OUR=|=DAY PATTERNS 

Peewceieecide tiie period of tne :1i:ZEA into four-day perioas 
meoles a ClOSer examination of the effect of tne synootic conditions 
mmc OSserved surface layer properties and, in particular, 
eae sucface stress. Siler aeee sures o mrs er peered to increass 
Semper! increasing geostropnhic winds. However, Variations of 
Saeco ce Memmiareinal ice zone resion and itsmeffect on tne 
Meremecaic Weaver patcern and the ice edge, are questions tnat 


nave yeu to be answered. 
Ca 


a" 5 June - 

Figures 6 a-d show the vector true wind, air and sea-surface 
temperatures, surface pressure, and the surface stress for tnis 
Perl Od. In addition, Fis. { shows the Synoptic Charts foe. 
four day Gperirod. On 15 June, at tne beginning of the HIZEX, 
measurements on the R/V Haakon Mosby indicated a light wind 
from the northwest a teeee Oe = ine ar@a was dominated by a 
hizgn pressure system centered over Greenland. A suriace =o. 
ridge had developed to #123 soutawest of Spitzbergen. Surface 
pressure was recorded at 1015 mb. the dissipation stress Ge8¢ree 
from 0.15 to 0.08 N/m? over the Der ilOdiiot wt les oven 

On 16 June, tne hizn pressure system moved off Greeniana 
to the north, allowing an old low Genter to wove circum 
Fram Strait lowering the surface pressure to 1006 aio 00a 
were from tne west off tne ice edge. AS the low conti 
dissipate and move tnrougn tne Strait, tne surf ace™ preg aa 
increased and tne wind Smit ted Stow Siow ec. As tne Soom 
system agproached tne Haakon Mosby on tne 15tn, tne dissination 


Stress increased steadily. ‘vind speed susted to 10.0 «7 Sue 


WwW 
t 4 


temperature dropped to 1.0 Orme ee Miele) zotee Sea-surtface 
temperature remained aoove 2.0 ee Tne storm center Tf ime 
and Jied on the lftn “or June. A pressure decrease on tne fen 
was due to an upper level low to the nortn of Sp1tZ,eneee 


winds remain less tnan 10.0 m/s but were now from the Sout gee 


An interesting increase in stress was recorded between 
1200 GOT -on the T7tn and Cc00 Ge oae re ieee ee (Tois wiil oe 


agiseussed in sareater detail in Cnapter 4.) Stress values snoued 
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Figure 7. 15 June - 18 June Synoptic Charts 


meapid rise to 0.18 N/m by 0000 GMT on tne 16th and then a 
G@eop back to 0.12 N/m by 0600 GMT. Wind speeds were only 38.0 
m/s and the surface pressure nad remained at 1014 mb. Air and 
sea-surface temperatures, however, varied greatiy. The sea 
cemperature during this time was 1.0 C. with air temperature 
Seopping to -3.0 ae. due to off ice flow. Stress values were 
less than .2 N/m* by the end of the 18th. 

Peo cent set OUr-davyarcliicm pemeod, WindS remained lizht and 
Variable with the exception of 10.0 m/s gusts during tne passaxe 
of a low pressure system. Air and sea-surface temperature oexzan 
ome { . O ie . and rapidly decreased. By the 18th, the iaver was 
Mijstable with the surface and air temperatures varying by 4 
Meerees,. Surface pressure was fairly high throushout tne period 


and two instances of increased surface stress were recorded. 


INQ 


19 June - 22 June 


Figure 3 a-d is tne time series for this period and 


4 


mee 9 iS tne synoptic pattern. PimemscueecmcnoOmed to 993 mo 
m@e@mwinds increased to 15.0 m/s by 1200 GilT on the 19tn. This 
Pileeaue to tne presence of a storm system just south of Spitzberzen. 
Mremesvinds were parallel to the ice edge resultinzs in sone ice 
Mmereana Low-Level stratocumulus cloud formation due to the war. 
femeer surface (tne northward flowing West Spitzbersen curren:z 
Mmoemas0uc 2 desrees warmer than the surrounding waters). ae « 
0 
tenperature was recorded at 90.5 Cx Sea-surtece tenperature 
Mes 2.0 C. Cheam eUNetes 6 CONndtetons. “surrace stress increased 


mea WMexinum of 0.394 SRE time Somme on memeune as shown oy 
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Figure 9, 19 June - 22 June Synoptic Givers 
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The normal path for a cyclone in the Norwegian Sea during 
this time of year (June-July) would be to move northward with 
the Norwegian current. The northward progression of the cyclone 
did occur and wind speed dropped in tne Fram Strate cto S20ae 
by 1200 GNT on the 218St with a corresponding drop in Sura 
stress to 1.2 N/m°. 

On 21 June a low pressure system was located to the 
northeast of lceland moving across the Norwezian Sea. Along 
the coast of Norway the system intensified to 983 mb then moved 
NOrtnwest ©O (new heat oe eon. On the 2end the Haakon :iesoy 
reported a pressure of 1009 mb, light winas from the nortieaes 
and air temperature of 0.0 ”“C. Sea-surface temperature reuained 
at 2.0 C. Aviomrer = hor pressure center movins CoO tne Sastre 
Greenland, in conjunction with the low to tne east "of Sve eae 
created a calm over the texperinental “areca The calm was of 
Snort duretvour 

This period conteined tne nighest stress Values reCcomee| 
durin® “tne ea: It occurred with 15.0 m/s winds, a 2 deme 
difference in air=sea temperatures and a surface pDressuramen 
993 mb. Conditions remained unstable tnrougnout tne four=day 
Bien aol As tne storm system passed to the Gast Of SValoamee 
Winds gusted up to 15.0 7s Sand@ sur taee esva-s. values seemed 


to refiect tne wind increase. 


Tne tliwe series for tnis Ser170d are (sne7 neon © oe 
a-d. The synoptic cnarts are snown in Fiz. 11 for iwer1our= ee 


Sy 24 June the stort wnich was to tne east of Svalbard nad entered 
34 
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Figure 10. 23 June - 26 June Time Series 
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mae Fram Strait. Tne ship was located at 79.8 N,4.5 E woicn 
Was within the frontal band of the system. Winds were 

in excess of 20.0 m/s from the southeast. At 0600 GiIT on tne 
24tn the surface pressure was 998 mb with air temperature at 
pre O "C. and sea-surface temperature at oa. Ca Note tnat in 
Pees instance conditions are stable. This was one of tne few 
memes during MIZEX tnat air temperature rose above the sea-surface2 
temperature. Tne rise in air temperature was caused by a 10-20 
ieerind from the South Dringing warm air into tne rezion. 
Peet. s time surface stress was calculated at 0.3 N/m. 
Was the only major system to move to the west of Svaloard Oa AU ale 
meee recording period. 


VeSemst orm cONnLinuc¢umetOG coe nNOrtnwest on 25 June. eg 


ae 
C1 

O 
oO 
C) 
oO 


apoeared to slow as it entered tne inmarzginal ice Zone. 
Meereon tne 25th its central pressure was measured at 1COQ2 mo. 
momma s were 15.0 m/s from the soutneast and the air temperature 
mmeraecreased py 1.0 C. Surface stress at tnis time nad increase: 
fer 0.04 I] me. BymwUcee Gils onl eme wextn “Ene storm moved awiy 
Mmeomm Foe ice edge and continued on a northern rouce out of tae 
Strait. The air tenperature dropped below tne sea-surface Lempera- 
Mme so Chat Conditions once asain oecane unstable and surface 
Mees sure oecsan to increase. ioe Soy rmms ew Dime, a stront 
Meeosoure cradient had developed in a meridional f.iow pattern 
Pere witiis inereased to 20.0 m/s fron the soutn. Ser Paees sur eso 


rose from 0.3 H/m- at 0600 GT to 0.85 W/m? at 1 


DO 
i) 
~ 
ee 
i) 
ba) 
Ge 
C2 


Meitemele Windiseeoe-. an to decrease. By 25 June, tne iiTZEX area 


Seem ete cOm eam ier eCSSUre Pidsze With winds from cone soutnwest. 
oy 


Jind speeds were still fairly high at 10.0 m/S@with 2ueceeee 
(ie (ul) S Tne highest stress values recorded were 3.32 N/me 
which corresponded to 15.0 m/s wind speeds from 0600 GiT to 
ed ObiGiris 

This time period was dominated oy Stronme Winds gog 
the south, increasing air temperature considerably. Several 
instances of nign surface Stress corresponding to tne Nisa 
perlods were recorded. A correlation between tne rougnness 
of the sea surface and the surface stress values iS apparent 


from the data viewed in this time period. 


u. 2i Jone = SSC 

Figure 12 a-d shows the time series for tnis perisd 
and Pig. 13 SNOWS tne Ss yiepllic Meat tcene The next major “sews 
system to directly effect the ‘ITZEX developed to tne soutaeset 
of Spitzdergen on 27 June. Winds were from the nomthwegigae 
ice edge) as the storm approacned. By 23 June the low nad reacned 
tne soutnern end of Spitzberzen. A decrease in Suriace Cregeaws 
to 1000 mb and an increase in @ir temperature was recorded. 
vinds were 15.0 m/s from the nortn and conditions were uUnS Games 
The surface stress value wWasee@ taeinu., Osos Nae, at tnisaieeaes 
As can oe seen by the 1200 GHT synoptic cnart for tne Wane 


Cie 


ur 


torm stagnated and fiited dropping tne Winds) pdac.c Comme 
SN sone Air temperature also decreased shortiy after 12090 Gilt 


2 


CO: 23-20 C. With the sea tenperature remainins clcse Comme: 


Oy 
Or 


| | . ie tenn’ a. 2 
cress values oy this time nad decreased to 0. 16° 5a 
On 29 June the circumpbdolar vortex moved nortnward wae 


a nign pressure systen was situated over Grecnlandmeagaeee 12 
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Pram Strait. A weak upper level jet existed over the Fram Strait. 
Meenas were light and from the east. However, by the 30th a 
meridional flow pattern had again developed and wind speeds 
mresed up to 10.0 m/s. Conditions remained unstable and surface 
Values were remaining close to 0.20 N/ine. 

irom! fem perl Ode maim, scOnLained winds {rem the nortn 
With two instances of wind speeds in excess of 10.0 m/s. Unstabdie 
conditions existed over the entire four-day period. Only cone 
@eecrease in surface pressure was recorded witn a correspondin: 
increased in surface stress and a decrease in se@ea-Surface tempera- 
eure. The data supports the existence of a Wind-wave erfect 
Peietns an increase in tne surface roughness followed oy an 


inerease in surface stress. 


Or 

ae 

t— 
j 

J hey 

— 


ir . 


iiilemesericCS won Sehmis period. are given in fiz. 14 a 


{Ore 


MememeaynoptLic pattern is shown in Fig. 15. On 1 July the niza 
pressure system over Greenland intensified to 1020 ind. ‘linds 
meme MIZEXK were from the northeast at 5.0 m/s flowin into 
meeeouch over the Fram Strait. Tne Haakon fiossy was iocated 
o 
fomeo. 3 (UN, 3.S UE. iaS lOcat Pon Venema arou tn a Series of 729i: 
meres caused by tne formation of a cut off low over cGreeniand. 
Mmeeetally, OOOO GAT, tne ship was in tne center of a Caim resuitin 
Mmeersno and variable winds, unstable conditions,) and overcast 
Peaies. Tne sea level pressure was recorded at 1015 mb. AS 
BeecUL Of: Pow develoved and moved westward a hian pressure 
mo och Gevelopied just to the south of Greenlend. Sy woveo so. 
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Sieumty Coewnisznh pressure systein had reacned the Fran Streit. 
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Winds increased to 10.0 m/s from the northeast, ~eeralpomuee 
the ice edge. Sea-surface and air temperatures were botn near 
ean) ice Skies were clear with some strands of cirrus and thin 
alto cumin Ss 

Surface stress values showed a steady increase througnoue 
the day as a north-south pressure gradient developed and winds 
continued teri wse. A maximum dissipation stress value Gieeme 
I/m? was recorded at 0000 GNT on 3 July. Sea-surface temperature 
was recorded at 20s CGC. With air temperature 2 degredcs Lower. 

A strong meridional flow pattern was estadlisnedmiaae. 
a tight pressure gradient creating a 15.0 M/S Wind frome 
norte nWweste. Tne pressure gradient weakened somewnat oy 4 July 
accounting for a decrease in Wind andisu) fico oe... At jac 
GHT on the 4th, the surface pattern indicated a rid2eugmae 
the influence of the nigh pressure system over Greeniand, forimin 
over tne MAZEX@area.. cya o GMT a zona! flow pattern was @3a- 
Olished, tne winds shitted to the soutneast, and Cie eee 
Started to drop due to the migration of a !Ow SOUC {i Gee 
AOC oe ECA. 

The stronz northwest flow pattern in this time @eygmem 
ereated a period of high winds wnich corresponded tO a Wage 
in Surpace Stress WVaJues ror the most vart, the condi aaa 


renained unstable and no decrease in surface pressure was noted. 


44 


Oe July 5 = July 8 

Figure 16 a-d shows the time series for tnis period 
meee ia. jlf shows the synoptic patterns. On 5 July, tne high 
pressure system over Greenland moved nortn leaving tne area 
with weak and variable winds. By 1800 GMT, the low pressure 
System from the Arctic Sea, had moved into the MIZEX area. 
Winds were from the north at 14.0 m/s causing a decrease in 
tne air temperature to So C,  Se@goemre sen Reniperatures remained 
foes.0 «CC. Surface pressure was in a steady decline and by 
Meee GMT on tne 6th had dropped to 1010 mo. Surface stress 
values did not show an increase from 0.14 N/m Bites sne winds 
Dezan increasing again at 1200 GHT due to tne location of tae 
low pressure system east of Svalbard. Winds rapidly increased 
momeene low moved towards the HIZeXx. raximun wind speed fa: 
Mmiemescoorm was recorded at OOOO GiiT on the 7th at 17.9 ”A/s frou 
moe norch. Stress values also peaked at tnis tine with 2 va.ide 
of 0.6 N/m°. The nigh pressure system over Greenland returned 
Om / July. Mnesocecludedmeenoneal. Cand Was CcCOVering Soltzoerizen 
Meiols Lime and a meridional flow pattern with 4a tignt pressure 
Peeulent Wastin effect. Winds were off tne ice edze, fron tne 
meee n at 14.0 m/s. THEW Ssawroecuc pau ecrm In Wee true wind on 
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feel y is unexpected and further analysis is bdeinz oerforited. 
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By 3 July, tne fiow pattern was more zonai and the oressur 


(D 


mete. SOmewnaweeaxer., tne flow pattern remained zonai witn 
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fiznt winds over tne next several days. Yinds were zeneraliy 


~ 
_~ 
ned 


Mmeom che nNorcehnwest at less tnan 10.0 infs. The surface pressure 
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Figure 163.5 July = 8 July “imesscerures 
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Bieune 17 G July - 8 July Synoptic Charts 
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stayed at 1010 mb. During this period of relatively calm cond? tomer 
stress values remained close to 0.3 N/m. 

This time period could be characterized by unstabdle 
conditions, a constantly decreasing Surface pressure, and “Sune. 
Winds. Grom seme nor gas Surface stress reached a maximum value 
OF iad N/me and decreased steadily as the low moved to the nortneast 


away from the MIZEX. 


f. 9 July = pei 

Figure 18 a-d shows the time series for tnis seriod 
and Pig. 19 ShROWS thew Synopeic  patcean. At QQ00 GHT on Sige 
winds were from tne “nerenvest ato Ory ot Air temperature 
was 1.0 C. and sea-surface temperature remained near 3.09 eS 
Surface pressure was 1005 mb and stress values were .15 N/m?. 
By 1200 GAT the winds had shifted indicating the approacaa 
a NLiZ0> Oeste. us yo ccm Tnis corresponded to an increaeuuees 
Surface pressure of 4 mb and a slignt upward trend in air tenpera- 
ture. Tae low was situated just north of Svalbard and was digi 
eyes as bg ces By noon on 10 July winds became steady at 10.0 5n7e@ 
from the southwest and did not echanze until 0500 Gil on 17 eee 
Tne dissipation stress values showed a steady increase Comma 
N/me. waen the winds oecame light and variable on 11 Giles 
tne GisSlpation Stress Veiues "aren ped) tor Delo ieee me. 

By t2 Juiy a weak north soutn pressure zradien tae 
been estaoiished over tne HWIZeA area. Dissipation stress values 
réwlained Low as a nigh pressure System movsd anvo tne area yea 


Greeniand. 
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5,0 


This time frame was dominated by the low center creating 
meee strong Winds from the south. Conditions remained unstable 
over the entire four-day period and surface pressure did nov 


drop below 1000 mb. 


‘oe J - J 
The final set of time series in this ecnapter are snovwn 
Mmoemeetst. 2O a-d and the synopticwehart iS -g~iven in Fi a 


e e 


As can be seen from the true wind time series, Winds remained 
meemerond from the southwest through to tne 5th. Surface pressure 
Pemained fairly constant at 1012 nb. Unstable conditions existed 
With sea-surface tenperatures at Son iC. and air cemperatures 
Mumeaesrees iower. At the beginning of tnis time series a nita 
feemocved OVer Svalbard creaving a southwest to northeast riow 


memevern. cic amiocce “vite nc rerse in dlr temperature noc 


CD 


semi c OO Gil. However, tne pattern rapidiy cnanged as 4 low 
Pressure system approached the area from tne nortnwest Witn 
another iow located over Norway. A nign pressure system was 
over Greenland. Pon aseac iia iiCdmele Mem and’ {roOneune SOUTHWEST, 
Pees air tenperature was dropping. Cieetomev yo. the meridional 
PHOW pattern was besinninz to deveiop azain and a slizt 
mewinds was noted. Stress values remained iess tnan Q.2 Wan 


Meron 15-15 July. 


Weoromeeone od can oe enaracterized by Limnt winds fro: 


f-3 


Milemsoouunwest, low dissipation Stress vaiues, a fairly constant 


Seetace pressuremand@unstable conditions. 
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Figure 20. 13 July - 15 July Time Ser Les 
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TV.) Veer eae er RAG CO BN EPS TRE Ae) en 
MAJOR STORM SYSTEMS DURING THE WIZEX 

Atmospheric foreing of the MIZ is increased in the presence 
of storm systems. During such times tne cnanges in tne marzginas 
ice zone are the greatest For that reason tnis chanver Gear 
with specific storm @Vvents and the a@ssociaved chant es ae 
air and sea temperature, Wind speeds, dissipation Stressiuean 
the drag coefficient. 

Variations in the drag coefficient were observed when the 
snip moved away from or towards the ice edge, Utnererorcu.. 
Snip movement and location relavive "eo tie (ceed. . eee 
emphasized. in addition to these cnanges due to the ships locaton, 
Stability and wind speed and direction have a Markeqg Giteen 
On che draztecoeiiicvemy. 

In tnis enapter the ooserved drag coefficients will be compared 
with those based on a bulk formulation of Large and Pond ()¢aape 
Tre draz coefficients obtained by Large and Pond are open som@ers 
values, whereas the data coliected during MIZEXK was for tne 
lee edze region. 

As indicated by Fiz. ee, tne stress calculated frou 
dissipation method was senerally nizher than tnat calculaves 


feow ne Foul Wet nod. Tne lerzest value for U* from the “ome 


— 


rormuiation was 0.5 m/S while tne highest using tne dissipagaan 


measuredieénco was Og? Ss in se 
Fig. 23 examines the wind speed influence in terns) oleae. 
Citar 4COeCl Tite menne The Larze and Pond neutral draz coerficiede 


increases from 1.2 at 520 W/s too 1. 46m ocean Tne neutral 
54 
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Figure 22. Friction Surface Velocity Calculated 
using the Film Dissipation Method versus the 
Bulk Formulation of Large and Pond (1981) 
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Oeecmrcocificient calculated from dissipation. measurements are 
trobently hnigner, showing that winds speed is not the sole 
factor in determining the drag coefficient. By investigating 
fmorerocs WNC hmeuie@esbamagest Variation in Wind speed occurred, a 
Memeeer Understanding of the difference between bdDulk neutral 
drag coefficients and those measured by the dissipation method 
may be obtained. Five separate instances of hign winds correspondin; 
meme TrlOoVement Of low pressure systems near tne HIZEA area 
Mere recorded from 15 June - 15 July. Tnese were as follows: 

1) 19 June - 21 June 

2) 23 June - 26 June 

pec’ June - 23 June 

4) 2 July - 3 July 

peo July - 7 July 
Meer cicmcenaicions occurring in tnese storms were descrivoed 


Mmacnadter 3. 


Pee 19 JUTE - 21 JUNE 

colcm. unemme as described in Chapter 3, a iow pressure systen 
Pemoeeapoproeacninsgs the WMiZEX area fron the soutn as indicated by 
f—ieoo in surface oressure from 1012 mb on 13 June to a uwininui 
memo em> on 19 June. Winds shifted to tne northeast as tne 
Mmeemeal system approacned and increased from 5.90 m/s to 138.0 
Seeomby 19 June (Fiz. 6, Chapter 3). Air temperature was recorded 
at -4.0 C. on the 18th and increased to 0.5 Sev icnin 4a 39 
Mour period aque to warm air advection caused by the low pressure 


S¥stem to the soutn (Fiz. 9, Chapter 3). Sea-surface temperature 


uni 
~J 


remained close to Ba Omnen Air temperature did not exceed 0.0 
Cy. duriiveseo 1S vaee period. 

The Haakon Mosby track during the storm period, 19 June - 

21 June, is shown in Fig. 24 = 265 @fime series of the ‘gen 
period showing true and relative wind speed and direction, air 
and sea-surface temperature, and the ratio of the dissipation 
neutral drag coefficient to the Large and Pond (1981) open water 
neutral drag coefficient (C,)10N/C,10N bulk) is provided Giga 
el aad. 

Relative winds that were not within tne range 300-090 degrees 
were rejected due to the distortion in the Wind iielowesn 
by the ship's structure. Note that the closer the draz coei?i rem aw: 
ratio is to 1.0, the better the correlation between tne Larze 
and Pond (1981) values and the dissipation derived drag coefficient 
values. 

The Haakon Mosby was positioned at 79.5 N,6.0 £ at 0000 
GMT 49 June (Position 1 Fig. 24) and moving away from tne weed. 
Sy a cen. As the snip continued cto move closér 0 tne i1ce@euree 
the drag coetficient ravuomne jee cee. By 0300 Gill tne Games 
was 2.4. At 0559 GHT the Haakon wWosoy turned intc tne wre. 
and moved away from tne ice edze (Position {~ Fig. 23). Wo @eeeeee 
Nation measurements were recorded until 1J200 GHT at wnieh tine 
tne ship was moving Co the Ssoutneast with a relative Wine direewaaas 
of 1030 ” (Position 16 Fig. 24). The ship was moving towards 
tne low pressure system. ‘Jind speeds were 15.0 m/s. A VaepReee 
point tne draz eoeffteient ratio was 2.0, and gt was Cont ieee 
to inerease as the snip moved towards tne rsSterms cee oe 
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Civ~ure 27. 19 June - 21 June Time Series 


iijemarag “socrficient ratio peated at 1400 GMT on 19 June 
Meme a value of 3.6. Nove, ate Lis point, air temperature had 
increased to 0.8 ° C. due to warm air advection caused Dy the 
Memmeoressure system to the south of Spitzbergen and sea-surfece 
Demmoecrature remained at hee Oe (unstable). Winds were 16.0 
m/s with a relative wind direction of 030°. Although tne ship 
Sememnued towards the storm until 1648 GMT, the drag coefficient 
ratio decreased to 2.2 after 1400 GMT possibly due to a decrease 
in Wind speed to 13.0 m/s as the storm system started to dissipate. 
femme 6©GIMT «the ship turned into the wind (Position id Fiz. 
meeeeend the drag coefficient ratio remained at 2.2. Tne wind 
Meecea and the air temperature was steadily decreasing. Surface 
pressure was increasing from 998 mb at 1400 GHT indicating tne 
system was neaded away from the MLZEX area. Tne snip remained 
M@emeecos Nor~hneast neading until 1719 GHT. At that time the Haaxon 
Meoy turned to the northwest, towards the ice edze (Position 
meee. Cf). Winds nad dropped to 12.0 m/s with a relative 
femme direction of 030. IMG Srarlomer une draz coefficients 
Mmee@ained fairiy constant at 2.5 through the remainder of tne 
Mepeeas the Snip continued to the nortnwest, towards tne ice 


S 


edge. At 2300 GHT the ship was positioned at 80.2 H,6.5 aaGe 


) 
U3 
| od 
ct 
te 
© 
ca 


Peeriz.w24). 

Mato June, the drag coefficient ratio was the nizhest when 
Eoemonlp Was moving towards tne storm system, paraile!i to tne 
Mmeeecdoc. this alsoMcorresponded to the period of nighest wind 


Seeeds and air temperature. 
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By 20 June the low pressSure system was moving to the northeast 
in the Norwegian Sea, away from the MIZEX area. However, air 
temperature was increasing and surface pressure was décreagmag 
due to the presence of another low pressure System noreaowas 
of Iceland (Fig. 9, Chapter 3). Winds were |2°0 m/s Wii 
relative Wind directionmonmeco0.. The drag coefficient ratio 
was declining from a value of 2.4 measured at 0000 GMT. The 
Haakon Mosby was headed southeast towards Spitzberzgen. At 0523 
GHT when the Haakon Hosby turned to the soutneast, (Position 
6 Fig. 25) the drag coefficient ratio had decreased tous 
Instability was decreasing due to an increase in the air temperature, 
and wind speeds had increased to 14.0 m/s at this time. Tne 
relative wind direction was 030 . At 0828 GNT the sniv turned 
to the northwest, again moving parallel to tne ice edge (Position 
10 Fig. 25). Tne ship was traveling away from the low pressure 
system and surface winds decreased to 10.0 m/s. Relative wind 
direction remained the same. At 1400 GHT tne Haakon Hosoy turned 
to the northeast (Position 13 Fig. 25), away from the ice eae 
“Hinds were light and variable and the drag coefficient con mime 
vo decline: The only increase in the drag coefficient ratio 
on 20 June occurred when tne ship turned due west and moved 
towards the ice edge. Note position 25 on Fiz. 25 and the corre- 
Sponding increase in tne drag coefficient ratio Shown Toe 
ef d at 0000 GitT on the 2list. The drag coefficient ratio incyerwe 


from a value of 1.0, as the snip moved over the open water area, 


to a vaiue of 2.4 as the ship moved into the ice edge area. 
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By OOOO GMT on 21 June the Haakon Mosby was positioned at 
79.9 N,6.0°E. This was the same position recorded at 0700 GHT 
em ene 19th. This time however, winds oe geo. m/S rather 
mmeroerne 13.0 m/S as on the 19th. -At 0300 GilT on tne 21st, 
Mmeemestip turned to the southeast (Position 1 Fig. 27), just 
as on the 19th. The relative wind direction was 010~ conpared 
to 020 on the 21st. The dracmeoettrereno Tavio Inereased to 
mee bY 0600 GMT on the 2ist. It is interesting to note that 


when the wind speed was douodled on 19 June, and tne snip on 


4 


Lad 


Mmeemeoame course, the drag coefficient ratio increased to 
Meera {f hour period. tne drag coefficient ratios do not aoovear 
mo De Peilely Wide dependemew or a niuch larger variation oetween 
m@emadres coefficient ratios would have occurred. 

Ae 0544 GMT the ship turned to tne northeast, away fron 
the ice edze (position 9 Fig. 26). Winds bdesgan to decrease 
mupeeewere Still from the nortneast. tre draz coefficient ratic 
G@ropped to 2.8. Only when tne snip turned to the nortavwest 
fee 7 so Giil (Position wO Fis. 26), moving parallel to the ice 
Mereee With a relative wind direction of 035, gic TOG aio “OT 
ae drae coefficients increase to 4.8. By 1200 GHT on the 21s3t 
Mods nad become lignt and variaodle and remained low as tne 
pieoe turned to the soutneast at 1259 GHT (Position 13 Fiz. 20), 
movins parallel to the ice edge towards Spitzverzen. 

Maeestigery, from 19 June to 21 June winds were mainly fron 
meme noOrtnease between 5.0 m/s = 15.0 m/s. Unstable conditions 
meeoeead during this time period, Momo lo iiseemoant iereases 


ame orenw arate coerficient ratio occurred. Geol iceSst Occurred 
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at 1200 GMT on 19 June when the ship encountered 20.0 m/s and 
a temperature difference of 2.0 °C. The relative wind direction 
was 030. The ship was moving towards a low pressure system, 
away from the ice edge. The drag coefficient ratio was 3.4. 
The second occurred at 0700 GMT on 21 June witn a lower wind 
speed, 8.0 m/s. A 20) we, temperature difference still existed. 
The relative wind direction was 035 . The ship was again moving 
away from the ice edge. in this instance tne drag coefficient 


Pat lowe s1.s. OF 


B. 23 JUNE - 26 JUNE 

Tne next low pressure system passed through the HiZ=™” area 
on 23 June (Fig. 11, Chapter 3). TInis Was the only tid jor meee 
to enter the Fram Strait. Time series of the relative “ay qgeee 
Wind speed and direction, temperature and tne drag cocci ia 
racio are shown. In) Pieen se. 

On tne 23rd at 1800 GiT the surface pressure decreased to 
995 mo from 1010 Wb are eect Relative wind direct iene 
1200 GHT was 270 and wind speed was 7.0 m/s. Air temperature 

° 

Was recorded at 3 C. Indteacins Wart satrvadvecs tent Tne ice 
edze nad receded. Tne track of the Haakon tHosoy dut?] aie 
storm period (23 June - 26 June) and tne position of tne ice 
edee 1s SHOWN in Pie. 2 eerecue 

At 0000 GHT on 23 June the Haakon Mosby, located aceeme 


N,5.1 & (Position 1 Fiz. 28), was moving to the nortneast, daneaues 


D 


tne ice edve and headed into a wind of 65.) <- tie 
incominz low pressure system was still” to tires seutn et oom 


perzen. Tne dras coefficient ratio was 2.5 at 0000 GiiT on tne 
66 
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Figure 32. 23 June - 26 June ieee 2 1eS 


fill 


23rd as tne ship continued northeast away from the low pressure 
system. At 0908 GMT the ship turned to the southeast (Position 
19 Fig. 28). The ship was now moving towards the low pressure 
system with a relative wind direction of O45 and a wind speed 
of less than 5.05 m/s.) Siu 1i4Gcue (Postizton 21 Fig. 2a aaa. 
ship was moving with the wind towards tne sSoulthwests) lia. 
coefficient ratio was 2.90. At 1212 GHl (Positionw2e Fiawee® 
the ship turned back towards the ice edge, to the norua ame 
Air temperature was beginning to rise due to Warm air advection 
from the low pressure system, while the sea-surface temperature 
remained fairly constant at 3.0 C. At 1600 GMT a frontal system 
entered the area and surface pressure decreased to 996 mo. 
The ratio of the drag coefficients imerea@eed@eo 3.0045 (cllemeeeee 
continued to the nortawesit tic 17 OG) eG P oem ic 32538 Pile 
23) the ship turned to tne southwest and moved in towards to 
ice edge with a relative wind direction of 060. 

On 24 June the frontal band Was directly over tne wee 


area. Warm air advection nad increased tne alr temperatur 


@ 


to 4.0 C. while sea-surface temperature remained at 3.0) 790) 
in this instance conditions were stable. Tne ship neaded away 
from the ice edge, due east, at 0000 GiiT (Position 1-19 

Pie, «29 je ine draz coetitetmen, woacie snould oe closs) came 
rrom ooserving similar instances of wind speed and Snip Gi) eae 
However, tne values for tne drag coefficient are not avaiiabdle 
for 24 une. Tne snip turned towards the southwest at 13559 
GiiT (Position 19 Fig. 29) and then headed due Morth acu ae 


Gal CPOSPUlon-<2 1 ie Jeee.. 
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Mescan be Se€en from Fig. 30, the Haakon Mosby remained primarily 
Mmemeone Location on the 25th. Tne drag coefficient ratio was 
@e> at 0000 GMT on the 25th as a strong meridional flow pattern 
developed over the HiIZEX area with the passage of the low pressure 
Eeeoeem CO the north and out of the Fram Strait. However, by 
0600 GMT the wind speed had decreased to 12.0 m/s witn a relative 
Wind direction of 020 as tne low continued to move to tne nortn- 
west. This corresponded to a decrease in the drag coefficient 
maeo to 1.2 by 0600 GMT. A high pressure system was approachins 
meme ZexAs area from the southeast creating a tight pressure 
@radient and increased wind speeds as the front finally moved 
Memeot gine MIZEX area at 1200 GHT on the 25th. Tne ratio of 
Mmemsaras coefficients remained less tnan 2.0 once the front 
passed the MIZEX area at 1200 GHT. By 26 June air temperature 
had decreased to 1.0 C. while sea-surface temperature renrained 
at 2. (0m  “Unstadle conditions). Yinds were Hee eaon te eo 
mmeeem/s frofl 10.0 m/s at OOOO GHT. Relative wind direction 
was O45 oma. CIN CO 005 py NGO TG Tien sain, the drazs coerficient 
ratio remained less than 2.0 throughout tne 26th. 

Mmgls Storm period 18 cenaracterized by warm air advection 
Mmetecue SOUtTN, causing stable conditions for avout a 24 hour 
meena ten) thie alr temperature decreased, the draz coerficient 
MmeetO also decreased. Tnis was in a time frame when the winds 


were also decreasing. 


fee, JUNE =92d JUNE 


i ever oe l1ncreasemwim Une Cit coefficient occurred 


r 


Pieecmsune een low pressure system was iccated off tne coast 
73 


of Norway on 27 June (Fig. 13, Chapter 3). Winds were sre. 
and from the north with a surface presstire of (1015 tbe ee 
temperature was measured at -2.0° C. As the frontal band moved 
towards Spitzbergen air temperature began a steady increase 
ery 2), Oma by 0000 GNT on the 28th. Winds had increasedwrc 
13.0 m/s. The pressure nad decreased to 1000 mb. The Haakon 
Mosby's track in relation to the ice edge is shown in Fiz. 33 
and 34. Time series of the storm period are shown in Fig. 35 
a-d. 

At 0000 GMT on tne 27th the shid Was Movins paral 
the ice edge with a 7.0 m/s true wind. Relative wind direction 
Was 4065 » At 1200 GMT, as the ship turned to the soutnease 
(Position 9 Fig. 33) in the direction of tne approacaimaeoa 
system, the drag coefficient ratio was 1.3. At 1300503 ae 
the 27th the low pressure system was situated oif the soutnern 
tip of Spltzbergen.. Winds Mad Winereassameco meno) xkelative 
Wind direction was 355 and air température was 1.0 Cee 
low advected warm air into the MIZEXK area. By OOOO GiT on the 
28th the draz coefficient ratio was 5.3. Note at Unisigeemm: 
tnat the sea-SuUrface Cenperacure Cecgreased Te ~1.0 ©. ijeeam 
air temperature slisntly aoeve thay ae Boece (stable conditigmess 
dinds were 12.0 m/s with a relative wind direction Gimuge 
At tnis point, tne low had cressed OVer tne Sou tier wee 
Svalbard and was moving towards the HMIZEX area (Fiz. 13, 

Chapter 3). Tne Haakon Mosby turned due east at QU00 Gill (Pesta 
{ Fiz. 34) to intersect the low as 1t moved tnroweem the wean 
Sibea cl es However, in passing ever the lane Hasso eer cer c) cee 
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Figure 35.. 27 June - 28 June imineow scutes 
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lost intensity and by 1200 GMT on the 28th had dissitpoameean 
As the Haakon Mosby turned to tne east the winds had already 
decreased to 10.0 m/s and air temperature had fallen back to 
0) one The Haakon Mosby continued east until 90917 GMT on 
28 June. During this time winds became lignt and variable as 
the low pressure system began to decay off the coast of Spitzodergen. 
A steady decrease in the drag coefficient was noted. By 1200 
GHT the ratio of the drag coefficients was only 1.38. 

One of the most interesting features of thiS Stormin ype wae 
was the sudden increase in the drag coefficient ratio correspe aa 
to stable conditions and 12.0 m/S winds from tne norum. Besa 
flow pattern was developed and continued over several naours 


but note that the winds were not exceptionaily hign. 


D.. 2 ais 5 JULY 

Lave won 2 diay a strong lee trougn Tormed alons Uteiiacgare 
of Greenland (Fiz. 15, Chapter 3). This feature persisved (nr omeier 
the next day creating winds up to 15.0 m/s. The Haakon ‘Hlosby 
was moving northward along the ice edge at OOOO Gril on 2 Guae 
The snips position with respect to tne ice edse 1S Stow iwiee. 


— 
I~ 


tne two day period in Fiz. 36 and 37. Time series of tnis @2n 


o 


Pa) 


are presented in Fig. 38. Air temperature was -1.1 C. initiaiiy 
° . at 1 - . 

with sea-~surface temperature at 0.9 C. (unstable). ilinds were 

° ° ° . 2 “ 

oniy 2.0 m/s and relative Wind d@irece onc wear = By Qo000 

GiilT stable conditions were present caused oY an increaeeumen 
+ . = fe ; 

tne air tCetineralvure to.ee, © C. due to warm air advection wie 


a low pressure system considerably to tne south of so01°Z0e"2e 
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The drag coefficient ratio was 2.4 at 0600 GMT and wind speeds 
had increased to 5.0 m/s with a relative wind direction of 355. 

As the ship continued northward on tne 2nd towardouee. 
ice edge, winds shifted to the northeast (onto the ice edze) 
and the ratio of the drag coefficients began to increase with 
increasing wind speeds. By tnis time a meridional flow pattern 
had developed. At 1800 GMT the Haakon Mosby cnanged course 
and neaded southeast with an increase in tne dras coecri tema 
ratio to 3.6. Relative wind direction was 000° at 135Gme7.e 
The drag coefficient ratio peaked at 2200 GMT with a value of 
4.6. This corresponded to a high wind period and unstable condi- 
tions. At 2300 GHT the Haakon Mosby again turned west (Position 
13 Fig. 36), towards tne ice edge and continued on that course 
until 0948 GNT on the 32d @Positicm (> lees 

At tnis time tne low to the south of Spitzbergzen was Gissae ee 
and winds were decreasing. The ratio of drag coefiicientes sao 7a. 
an increase as the ship approached the ice edge. At 1000 3G 
the drag coefricient rae tome ec) caso dmirem..o Hote tnat tne 
sea temperature decreased and conditions were stable. the draz 
coefficient remained hizgh as tne Haakon HMosody turned (tama 
Ot oie When the snip turned away from the ice edge aria 
GAT the drag coefficient decreased to 2.0. kKelatvive wind direcmra 
was 340 and wind speed had dropped to 8.0 n/s. 

This time period was dominated by winds from north av Magen 
10.0 m/s, causing low sea=-surfece and air temperatures. yeaa. 
Layer remained very close to staodle throughouc vUhe 2nd.” Ae aoe 


iInerease in the drag coefficient ratio was noted as Winds cesar 
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to increase and a peak value was obtained when winds reacnea 
Dieigr highest speed of 15.0 m/s. The drag coefficient also 


o~ 


iaemeased when the Haakon Mosby approached the ice edge. 


peueo JULY — 7 JULY 

mw tinal time period of interest in tnhis chapter occurred 
on 6 and 7 July. The surface pressure at 0000 GMT on the 6th 
was 1014 mb and was decreasing due to the presence of an upper 
meets low. & strong surface level trough dominated the weatner 
Bepeeern Over the MIZEX area (Fig. 17, Chapter 3). The Haaxon 
femeoye ss course and tne location of the ice edge are snown in 
Fig. 39 and 40 for 6 and 7 July respectively. The time series 
memeche period is snown in Fig. 4i.° 

Mime Haaken Mosby's location at the oeginninz the tne Stn 
was within the oroken ice off the Greenland coast. Tne draz 
@eertiicient ratio was low over the first ten hours of the oth. 
teers during that time were light and variable. As tne upper- 
Mmevel Sow dissipated, a strong meridional flow pattern developed 
Mmeemeasineg tne Wind speed to 10.0 wn/s by O900 GHT. At tnis 
[mee tne Haakon liosby was moving to the northeast. Tne draz 
Meemiicienty ratio remained low at 1.2. As tne snip moved out 
Meee 1Ce, into open water, the wind speed continued to rise. 
Tne Haakon Mosoy was traveling parallel to tne ice edze untii 
mogenGil., Winds were still from the north at 13.0 m/s. Relative 
Pema direction was Aa : Ap eteccmeaneww= tie ratio of the drag 
@eetiicients inereased to 1.3. Wind speed GOmmunued —cO increase 
Pee demida.Onmmiesoy curned to tne southwest (Position 20 Fiz. 


39). Tne ship turned back towards tne ice edge at 2045 GiT 
83 
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(Position 21 Fig. 39). The maximum winds were recorded at 0000 
hie on tne th. A UClg@eeetresscure gradient, Orlentated nortn 
to south, existed over the MIZEX area. A frontal band was centered 
over Spitzbergen. Air temperature dropped to -1.0 C. and surface 
pressure was 1004 mb. Wind speed increased to 15.0 m/s. 

The ship continued westward and at 0000 GMT on the 7th was 
located at Tem 1, 0.025 (Posi tiamml bic. 31). lnesdras coefficient 
ratio also reacned its peak value for this time period of 2.4. 
"Wind speeds began to decrease as a low to the east of Spitzpderzen 
began to move towards tne MIZEX area and disrupt the meridional 
Meow oattern. Tne drag coefficient ratio also decreased after 
Pememciil! on the {tn and renained close to 1.0. This is somewnatr 
unusual since the daakon Mosby was within the ice edge of ine 
Peeeeeand a value of 1.0 for the drag coefficient ratio wouid 
Mmaemeate a good correlation with the Large and Pond (1901) open 
Water values. 

Mies sbime pervod, 6 June - ~— June, can be summarized oy 
MEP a eg @eci ficient vaiues, unstable conditions, wind speeds 
er Ogi osana a tluctuating wind direction. The draz coerficient 
reacned its peak value of 2.4 when winds were from tne north 
mee. m/S and tne ship was within tne ice edze. MTnis was 
amet Of Nigh surface roughness due to tne proximity of tne 
Meenwca2e and the increased wind speeds. As previously indicated, 
Seer dieiemoiemsurrece rougnness, due to Winds or ice flows, 


Meee iarzer tne surface stress. 
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V. SUMMARY 


The compilations of numerous types Of data taken Gnoeae 
the Haakon Mosby have presented a description of the variation 
of surface stress for different synoptic conditions andweew eee. 
locations with respect to the marginal ice Zone. | nemeueeuee 
definite correlation between wind speed and the drag coefficient. 
As Wind speeds increase, the drag coefficient correspondinzly 
increases. Tne drag coefficient also increased wnen tne snip 
approacnes the ice edge, possibly suggesting a wind-wave coupling 
en tec. The larger waves, giving rise to incré@éased Supiace 
roughness, cause an inerease in the drag coefficient. Several 
instances were noted wnere stable conditions correspondeamce 
high neutral drag coefficient ratios. Inese usually corressend. 
to Nigh winds from the Soutn bringing Warm air inte vne saa 

On oon ee oe poe eee is tnat the drag coefriciéne Yamane 
Neasiee in tne AIZ, using the dissipation metned, Jee ewaaee 
nizghner than tne Large and Pond (1961) open ocean valieceen 
uSin2g more accurate surface stress values, a2 more reawewe 
view of tne forcing mecnanisms in tne marginal ice Zone 


9een ootained. 


88 


Poles hee Ee iwanC! S 


memes, C.W., G.E. Sehacher, K.L. Davidson and 7T.4. Houlinan, 
mr9, “"Skiopbdoard Evaluations of Drag Coefficients for the 
Marine Regime," Qcean-78 (Marine Technological Society), 
Wo=5 1. 


Semone ssen, O.M., W.D. Hibler, P. Wadhams, @.J. Campbell, 
fmdasselmann, £. Dyer, HW. BDumbar, 1963, "A Science Pian 
for a Summer Marg tamed cee Zone Experiment in the Fram mer alt / 
Greenland Sea: 1984, Cold Regi Researe' tineerin: 
L 7a S Report 33-12. 





Johannessen, 0O.M., J. A. Jonannessen, S. Sandven, and k.L. Davidson, 
1985, "Preliminary Results of the Marginal Ice Zone experigent 
MmeZEX) Summer Operations, "™ wets Danie 
Bec, pp. 665-079, B. Hurdle, Ed., Springer Pe New Yor, 
(in press). 





femason, G.L., D. Bradley and D.S. Winoker, 1902, "Unit 
Meeurity interests in the Artic," E 1) 
Ieeerests, po. 268-294, J.E. Vestermyer and «.i!. Snuster 
Bee, obringer Verlag, dew York. 





Meese, 7.G. andsS. Pond, 1901, "Open Ocean domentum Flux easurements 
in Moderate to Strong Winds, !! JO Piivs 1 Calavioes nomi a5 4 


324 ~ 3306. 





Mereey J.L. and eee H.A., 19604, "The Structure of Atmosoneric 
mieoulence," Inte ; lew Yori, 


SemgorevSny, P.., <. Davidson, L. Dyer, 0. Horn, 0.:!. Jonannessen, 
feeootieaman, V.A. Squire, Re=@Spindel, 1995, "Vinter “arcvings 
mom ones <cerinent Science Plan,;,™  Uraret ence ocliat Aime ym 
mmewotrtee Of waval Research sponsored Winter MIZix, Depot. or 
Seconmeeneineerine, Hass. Institute or Technolozty, Caibridve. 
dass. 


Beeson, ©C.A., 1970, "Representation of ‘ijind Speed and Teriperature 
Mrectiies in tne Unstaole Atmospneric ec Weaver, ) = al. sare, 
ieteo} 23 ite g, B57 =00 |} e 


89 


Or 


INITIAL Di SiReEeuriON List 


?, 
\ 


Defense Tecnnical Information Center 
Cameron Station 


‘Alexandria, Virginia 22304-6145 


bi brary, Code Olde 
Naval Postgraduate School 
Monterey, California 93943-5002 


Dr. Ken Davidson = Code ofp: 
Dept. of Meteorology 

Naval Postgraduate School 
Monterey, California 93943-5004 


Hr. Peter Guest, Code 63 

Dept. Ot Melee menoue 

Naval Postgraduate Scnool 
Monterey, California 93943-5004 


Dr. William Shaw. "Gogesossr 
Depe. Of Meteorology 

Naval Postgraduate School 
Monterey, California 93943-5004 


Dr.- Rrenard a rnscrone 
CIRES, Campus Box 449 
UMIVersiecy Of COloOnaue 
Boulder, Colorado 980309 


ile. William F. Runge 

De HUZZLO COnstruct 16on en eany 
1600 Nest Coionial Avenue 
Orfando, Phorida 32308 


CDR darren T. Spaeth 


COMTRERDELT ,, 33 
Pearl Harbor, | Favail 206000 


oy) 


Copies 


Ph 


10 








fe ga fe) 





iF 














215576 


Thesis 
R867 Runge 
rowed] Variation of fric- 


tion velocity across 
the surface marginal 
ice zone in the East 
Greenland Sea. 




























































































‘ - *~ ~ 
= “- 
. ian ™ ‘s 
5 ; * om * oe - 
ae a 
ee ; r eo NM gee oe OO ot Crt rer 
- an fe, - <i » " - — Ba = a ed ~ "e=" 4 - 
% 7 ‘i = it a oe =" > 5 ae Caan aoa SY ee —— 
‘ 7 eamndn® : e nage a”, eee =@= 
- ce * “ re a : . 
a : - = - ~ = t. oe aye 0 ae + - = 
ee " < ° ry - ee = © eae San BAO . 
eA ~- . ‘ fart =m de 4 nae ora eae wt be zs 
< bal _ oa ag ~ 
: - . F fe , - i ue oe “. Sw ee Te ee 
; snp = -~ . 4 -* - i s “4 Se one nee Sane gh 7 Ae 
= : : - i - Pe ne et - e . By a - on Pe oh el - te cee = 
— ? bm fete ws om. - . F - a : rr 2ceee eA e ae 
. ‘ < ~ ° s eT ated ‘a a : = i a Ts ap pe ee 
> z: . n = = = a - - a p vee o ~*a = a aon ag 2 OO = a aie a o 
aaa re “ - * ome met R GPP =gee wooo aya Hd 7 Oke Eee 
in bd mo - an ~ we ~ee* a ok” a i “ - .? o,7.=* = aR oF ” 
= 3 = a “ a - oe ~ or ¢ 4 ae aban en ae Le So, to ea ag a 
ater eT ~. .~ wate wh. of . o = . i ageoe sb aee eee a) aie sae se nieieeero rat cate simanee ese 
a ~- “ nae 4 &- a " ange J f Satie : a i oe eo pel bl . - i 
® ees 7 went A “ rs aeuet we . nite ae re pee eee ~ =: ie = ho a 
nh Se ee m x és - ; . - - cosas 2 be = _* eee a pe aA eat eat ee Se 
a 7 * ritalin. ave Cerin ’ be eS al ~ ager * ae . Eight cp eer ouas beduslpa) a ie 
4 ype os, Oe : : si r eae aoe wea eepuete ee =» ears: eet car reat Cee aay OE 
a a - . ca = = > j " F eles - ac # —- ‘a F ngh.@ oore moe - ae ie ~~ = nel  aeiiiall 
— = ae 5 - ~ * matey 1 & ’ - =" é . aes eee are . ae rT a ede a a ap es “ Eee ae See OR et 
bl a te ~ =“ _ = pars a aoe OS eases os ) — =.= -<9= aoe we” = eet im a aor 2 =e 
, . wae + os E papal icky . . - é A - we, oe pret @ ae infite a ae DO Tg PRR anche = ail ace: 
4 ate 2 St - A ee aa ta Wiens © ."s i Ao ie a Sar ote? _—.* ale f be ny aed Se ge? 
> edad > eta “ wie ed mcrae te Ours t - » “om. Fe ory ges yr a a tie ri: alle rene 
3 fs a ~ a ~ aterm Se ety ~ ~~ . » 2 ~ ale -\w awwrty ae a ar ary = pe ” ei age ye eae 
. oe ef ig I ~ ay » . oon a ms s ow 9 ree - 4 "i i ary yd meee mart x ae - Spar = 
hee eae ee wwtene eer = att ae a , “ pore : ontee one em an Re or. ree ee ares i a pe Ta ae oe 
Sea ene tate ee nile ; waren Pr : . ee Time Oe, Oita - et een rr se: peer eae 
i ew om = few aden, a - “i . = ute . ‘ . “ ¥ ‘ail i =a Degien ve A Lf ao aap emeh +28 spe dw ore Spars “ap Be A os 
Ee ae tov ue 1 iu detecm =% & 4 ae 48 4 « - be ed oe ° Or erbe=e Le nen rage 6 oe ya ee an - ww 
pth, fa foe a Syevwar ar ‘pes =e be Elin, ter . ‘ é = = a apse J ’ Doge foetal =e = =o = a il bs s eek age eB 
RAN oe Tee ——. eae a ee. ‘ 3 : “7 Sei, oe ME one bee eS Ben 
af A conn ey Re Ee ee oe te Fa pee : “ . upher mummers, pgs An ee agen fie oN 5 anne be mT seed pe 
“pee Seiad ninth wee eS Ge th ‘ — ate oe i: Gia ood F z i . aS @ ploy : “a mye oe gee ak _ ey ~~ ally a x = = ioe irks = om , _ 
ade ols, Ts tend mee 5 > ee He b I as * = a = % ree a Send A GEN m4 “a a wom -<* is wast . a ag en peu a 
saan, bates 0 Suton sere AA 8P eg Spat : . ‘otge - , wees ¥ . aa = sere sang wets RS Ley = +§ can Before bet et Sah) ot) See alee <*> 
= teeter te arte : é * a CA a ’ ‘ " total e oe : . - °C" oa “ sa pit = ae? gf OS ae Fa Se _~ 8 
: — y _ tes pe of . , ‘ . ~ a - rs - of WM x = - aoe em SE ~, a 
cave peoples tone ptetetom © eres wasedeests ~ ene a at nd . “@ : ‘ r Pe - Aa dnc bap oop been FES Sem ween ~ gt my, -oS ape 7 are oe rn. 2, ean a Pe ee ee 
re as ad 3 pirate gar eee Fase te My Oe oT) a ene Kk, =e = * , ao ettaf arte * o~ a sop: - “apher eit zs Fee oe ogee em. = ee pial tie : apere 
ot. fom fa toe aw ial ao ar « er 4 td con roi” > thy wgteur vd penne @ Wen? ss) 4 pee. SL epee” aoe on ag caine a pyr wa xo 
aes <2 e- . OM Ey ~ aid wimtate TR ey nie ‘ ¢ av, ’ yt gn area® i » <- S ip aeons BAe is beh p- papa SFE a a oe oe eid nee a 2a = = oe 
mead eer Teo ea wavs eo ‘ 2 Pr : 5 = gum @ ' mr ang ns a? ><" woe ® aa EP Pe ea a cup abbr pawn rst Pa nae rg ae ae 
re . eo. % doth a F . : - x - b Warne = = me ed fase ale > a > on dae ee agehe™ . o ae Ce ale 
Se SN TE hag ne NES An arn? z 7, . haw a Sangean Pog “2 Lee Ri ila aagne ® ee eee nT Neate HN are Gerd 
tas Ming _ pa LP rege te Hower mF dig Fut vat ae ® ’ . as d _ z n . 4 sgh Seog 4 , S era 2 mon green Oo gee ”. megs ee ey ee ed ays *s Or chy agin OF” Spear ee | aos Lae a aa 
=a 5 ap arp Hr apap aa em ott, ¥ - Fests Te*e BO ser a apy : ~~: P p + sear fo se ae . x fig meh fe EAE Oe PR as asrte pee Fn eno ais myasege fF pr re ie is wit re, ee ag See Aged we yen? 
De, Gultmen ~ »fe Br pire vs mn agen Fad od eatin 8 a - = . * : ° 1 oe . = ree 92048 Ap ae kgs ewer gge ave Lda / aioe oer Pe, aoe ore Pyne ar fe agoeha™ Gre ie paper: ayoemere 
om = ee ne ee ule duty Tal y re - v's ’ gh h ro =i “f grery ¢ atcteehiy re oA ie sg —lpeat inGA odin to gop 0 Fea” OF” peor OY - pA 7 — = eres on epee sine ne cal sae? Se ents Fala = = a ead 
>, te ., * weal mara) ra rere are pest bd i ean ig. - bs . 1 = ee . Coe é een O* ft # * Ln an sg 5 oe ne ee en te og ~ rp oe aes on sl maa aes gue aps: Seger wot Ge a, 
canis a te tanh ® et Sadia pega , “ply . ¢ F oer es oor . ate am shabsbe gees eee F nae genet Per, wor aia 2 eee Bip CIE eg AE Sy ory a a ae mapa 
wy NA a oe Sen aren eee TE pe a o—, Dp LMT tt Loree Oy Se SEA mS are Ae oe Cet OO ee gree NE ee ne te ee 
RTO eee CORR pa NE oat an oo eens, pF men fate gay eK caret OO gael g ARTE elie ee won ntge” BREE Ores ee Og eee 
* aca Pha ie! anh ~s me re Oru P ’ « z ae ee at ae ae yh “ coo © ete ve ayrs® Pah el ns Pepe sar fe ase » OT Sg rl tial a oa ee Ra oe % sb et rege 
— . _* * 1 me . = : r ’ é 2 . P rodeo adh P pup Sf ; smerny saree oe Lime ao aeons b iw -** 5 ~ ease OES ¥ PS ee te Oe oS ve or pot ee io we 
. ate ay . : : ‘ ‘ r wd : , . om 3 at wi ¢ ‘ : e4 ae medal Re 
Ea es te e on pipet a AE toe agstens : . ee “a a tan Sy ppt Fr OF pe oa as = a gh elest molt re pea me Spe peer fe ne eukse agate <err pry yey sre a ee ge ay pA rast oS poe sia Bir 
be . ~ * . - d z . ’ i 4 “S - Bes Ll ag suiden “Tah : rs a 
Tear cutee we Oure patie on ey 1 ae ra r pod fe ; priv rabies’ £  erangen fs westa aaa. ine onet rietigpedey fF, ences a went _ SR mete a ag inn Te ae ee ewes eens 
eet wok So cuaeyauaeer coaal el > “ ? S.3 Lal Sheil eae ¥ ‘ “ ’ F, r ‘ wi oe e oa 4 "1 ~~ a arr . € es cits Pa Pee 3 a PE T= eae mo igne tm Wee a ied i pane nem pd aie pape te hee’ Oe ms ee a7 aba lit or 
= “pape =o ah Sa seas g. tarbigiul 40% ui youd j ae ii ir . Aer pa 2 , # - . we om veens pshen tahy enews afer * agen @ reaeeene" = Kates 4 enters “ane ae ts oe 0 ane” ane eewatenr SES pay ape pice pe pT ee 
. sta- rad : = ~ - ‘ - yin dure © - edt s wt s ge — - (2 ° ~~ ed . 5 
Oa Pute Nek o =f ‘ ha wa Sea aun ate “h wre HF , . , fv a Ay , ms puts a oj Leh 7 4 * hae Piet at P PS @ ponies “tice! clear RES YY annie pints pr x aie Os Seek ten ple ont ae ler See ie 
eee = s . ‘ 4 * y ~é ° “a = asecte,* Ty id ag= aoa a frre on, # * aw = Ls 
RA eene tet Cmte iy reg tae ad. RLS | ers igs face en ott a NO gers Set ag tee ae re ae Fe ge Tap Orca eigen te ee 
apts wleatoe lp at é ae Wea waea 6 2d > . cna Ys by: Sd Arh . ae F 4 Sad fe ‘ Agwrt PRE ery, eo , 4 “4 rs? peer af ae te ah tone al Pow . Be: am pegrah seve ary washer tte ad Ai PIG oe ae pn Or i ae AS ee 
> a “ ap rieap ee cone Ltt ae ER ele ee wet a tt dete ‘ . *y ‘ : Lt > Ere” j pte es) Stax ig poe jo kepe trpatiete ee es See op Apshp FP FIT saad wre pm naenen sees mes PEO a ee Saree ae Pee gat oat oj ~a  ae 
2d cc | ie bk Rela G aretyae UN Hef ra : se ore > Dae ® . a , “v f rs e Frye F e- ~~ ne rR c.peeere I “ fa ee ses adverts ag we jagtede Ae Or oon Pee A Fi! page vege eee pe pen — Sd A 
Pass platy ters Oe ee Ry Oa OY OH Gaps vaetate i aes I bls : : vty oF arte 7 ‘ ’ . oe pur ae oe ne evra’? pmece me soaninge ~een rer l wr ee™ rte sed aha nae Se" Pepe ree es, or eee ane? so = ae 
fie . w , ’ fats . _ r 3 < bth! : ; 
SS PE PSone vege ey need <A pe ox oo act x. ne Re ot ote here Oe oe eed No reas geek oem Sapte oR pen oti feat OL apt ae ae 
—————— tc re tere Ha HL oe eae by 4 ris by Seth P 2 er te a." ve J uit “7 soo . . ahi ro) 5% dof s% ‘ s we Ae “art oe hors fe 4 Seten ae? oS rel ee Ag fe ye Fes Fee pa ® meet erdene ee seinen Nee aan wil api ey tp tert 
——— Pe sob teat @ peat la ads safivs af * whee $ » ss A sii et a a re aa aap i re T yacon a Aad se aut ae geseg te steh Leer aet a mores one ee arene a <n epee wn nga on a aes 
SS CO Sean ap ethan a #1 2 el giao Set wat we vito 4 3 ou F A fat Piper par fet oeawee Banari es galls ppayneeune Fate A cape remsne Fase gaate wot gn ees” ona sa ae ps Te Gel ae ae a 
—— ae ane eure te de Harrmw . ou aaa ar « rae ty ss ; sues ~ is ” & see ated on y soe , poem rr ad whe ~ ig Spe lp are bes Pk ey eee ae OT a tal held porhagdl glia aor mained Fe et ~apre antl rot 
———_— —_i € ak ety" eh wm Ou Mee plone f Net OF eet wher” uy eee te i 2 4 « «nm a = fei , ; a gus fide a ee Ngeoest sR yeureee 0 ba Ps oun ae ptaeta ge po A ™ SANT TT Re ade dahl a od ‘ ohare ple oe peer er easter Sl eS me see a 
———————— crotererariae qanives. 2° tye’ S & matt? Pagina ¥ SE ape Or Met Foye ‘ - ieee APA. Vv Z 3 OR TE ond ted ret Te Me wee Sealer rot er" chin He. pt NN Et Jorien'a Legere reser ere pion sae vote wets Ns i aon OP TY nel? an EE OE PR ea 
Se ~< Fe heer UP of oF eer ine y ae pat wat Pe eS = . ~ n * ¢ gaa ’ ~ a pared gd J ow a ed _agvogd on ese ee fege Fe hoger pene ert er’ Fe tae vy Foe ne tay la ep opr dir we mer pat oF pace nara pre Pe aging anor 
a Phar ly Pe ee oS tet rae Cra ees 7 Sad A # ~ pus Tt i jams caeeatie rf Sp caegeses aT as clit ost, cn rial OT ae aati Satie eat ow rca native «Suet 40 ONO DS eT ad Po dahil ip per gs pein RATS Oe peur oo 
== ~ © ahem rete OY aE ac ttaAR oe Sate Acta ane Jars J PR AIL Rr hams epee LIEN Feta te waited ete em Merce pool Pia ilar ta ators ice i eptara en eee 
—_————. i * wf Alo ted . ? - oe “+ 4 e °F > Agi bitek Ae” Ne ae. aed po, worenyes ees pune? L1FOPOTTEE mee Oe acre omen fererere™ . = a 
—— = i alfa aed as ab ep Peg Pekar eS arnt ¥ ie Co . eee ; 0 ON a? vats WE ar ft eS) a + our aa tape ape ie sae Fan oR OPO” FFE” mesprgayes 7re Saha ep a ere Pic ple te ih A yep A seg OS oar aera COS 
—_—_—————_ (etre Ae. re es 1 ie rap 4 crab! = ‘4 ‘ ove * a ~ eset Ger seal 6 tes? row wyisterway Ss gharete Z sayy st se pa choeger™ Pee yo om panes dap re en pene een OE pe ae ie fap ere ee en tare ee : 
—<£ be a ay Atti rf wate’ Ase Tams ty 4 ales was s paw ing nats he oo XE Hg whe 958 © Ae ES yee sd Figdsiahgnw war h™ rans PN id ak diol die migasde Pease s Pp at Or raat PO Tata sna is nape SeOe SS fete? ornare’ SIN pad agin OS 
——————————— Ne Capt h Parte ote HOTS Y pe >I . Tat cot Sabla! said uv . FILA 4 ne ze aes AB IF ee re tab ht 2 stwons gts 18 YS Pee dees sn0 Sivvscihise oped PEP ee gt te gr poe ee ~e «wernt pas nenre” arene 
eS > bd Sateshh tating hepa ae tye, O14," uiater at 7.7 pars wht cones rPubstt se > a rey a nn bed eT ck dal age pe pn ghecetea wee pephaFet etait niet: insogdsfn® wee 700 EY wate eee Pre aed ape SOE OT ay pee reer ee OY pepe (OS ieee alin —— 
a——— 1 Te aah eutyg th wees AUN are ne asmets My? mk ué wine ‘ = noma pate urself See uapoatie po ell ate ne Strep vatige tata’ TS +900 EN A agp snbaes es een nae ng ene Sree og eS page OTT tn Te 
————> LL date Br Wi Ed, Ptey MnMnl otal r ne mart pfaagee He rohbey aa = 7 ‘ w Fe ad ted Pe PPL ITI po fapS Prep Ah Pee Fes FO Sgogt Somer saw ae gm f° nn fig gto aly a page EGP be oe 8% abe BN LE ee ttn ot tg peat Pak surest Spee ae eT ane ours magn nnn Tenens 
——<—=— wee ek ye ee CORY : 5 are ry Sy oe Ee w * v ind OO ap gad cdots se pratea SY ag niger 0 vas we gore ngagaseur es rere garage pine tea ame mag ny 2a ePnOE SONS ower errno ae Sn gat nne c ee P Aceon a pape ae 
—= = =| ve. Peet peateeut dene Be “ dade of 4 nie Seige ty Fer’ é r J sn - p= pag stage Se ea a dl de gug™ ¢ spb sire fe oe:¥ gu@e® , ivi if ape pad ME sage reer" Stat a aaarcna are ae son A pene oe aertetg? oP Ser S aga 
———_ OQ ok ye the P a = = br pa at Camere PRS ri : pe : oot % As Sve POP EO so a ormmee at aeo ie : tener eee! voit gy gage repie™ Td ee Ee EN eee Oe ee lisp eet cap OOO if a ee eel 
————— ee) ok «. ir reer nae Botan HO te sy Fnce PRUE el * aie : A " OL hl ad = 3 sds ee * sy feg* C a> =F byt ar r d meet tet - ET at ell penne “ng iO art ee ages aeons = eee = ener 
= ————_ > eB pee at ty Opies ogee ees ate pt . i oe ares sete eo page gue rer rere Sa eee ee eee se 
—_—_— Pe Ry ah : RS i 4 f Pu f R wv . se te etd Pattee ‘ pant Pres po we eer ° pa Ra harper geen eh 
(oO —<— CO erator a ee Lepr PARTE, . . “te pe Se vr cipipege fe | é we fae, ers eee es : put ‘ Seco are Sera ae se a ee apes 
cO ——— PP ro vhtdabhen bate “fideo. tutes Rum Pekar sts Col VRE ZS, . Aft Dts ot & es » aoterstt tte 4 ppt TT eM eas ps0 Pes Pree 1 nt aah eure pningy” pte OI er eal’ “ ae ee a 
—— Le vaca é a yt ge ure eae. “erereter Tel PSA se WE Eo , E : ae Feyrean <® © : panera Saleen 28 gn we Te el Spiga areasenee er Sage AS nae 
o ——<—— echo, kre Mle EF Oran & Wee" ’ afi gu sees” mse INN" « pat, paris te oe jepaocst ew ai a PT. etn tinier mid ¥ sage men egw e ‘a! = agate fie 
r —_———_ oto diy iyo te eer Me & & ETT, A on Ca retn rah agelp athens: pe x “J mot pret RT ae lly eae wre oar ens WT ANE Cone reat Pe : 3 egies ron Lespet Se oR 
————_. Pqreat. arp t vylh amen” “t* wt pn Ltt pee Re at ere ate sept >” posed ae Ente 8 OT : , - sh a Ot ee mae ered wap SOT, i a a OI ere OO 
ud —— gen Seer teaser ss He te area ’ of Sear bp eee a ons i oe eg . pp 3 . & pore give fragh Fae OIE A eavvy® pe Heese yn teh Uaton oO aie peg apr ere iweten den infer Re apy or SV geen pol a tarp P= pe pai eh 
<= ee 6% RE ST a Pe Ps s AP mone as . Pe npareenes (cote Cuenta er ue SEATS ‘ eguacn® Fete eT OS og PP ae he ST tear eee fa mete ame — pee 
= 7 babel we a fw 4 Beton On" yA ay efaie de 7 ’ i ey at 4 aeepeae r aveve: epi oe oP ee es : & sete ow" biel OT in tales PT edaet ps pat citar oT pate - 
a ST ana hanna Rt ae ae eae Onda % 3 e 9 Hf wa Sun 18 Fee zat arn) fas ee A pepe ee et Pal ennai ea oe slip et era aaa 
ar bir Petul wn ate PEF ae yceOee be rn oe Out te aye tute : ¥ . ie 4 wes bse ‘ : Oot Hg e ave ’ fe ve gee 208 eee Sa sar ee amare ime pagent eT 
of a pag Nate a dpa ere wtp 5 osu Ne ort, "6 Ty care gtie BFS «re y ty r ; "A ate yigh fied te oes pip’ af , ppegnee at See ent ceent rte Pe ron ne agg ne para a 
CE Nah ae acne bree tees a Seat See Cored Wl or UTNE ate Meee etre ue VW ents f : - m, psgnpre iat re gery eg ted SS eS apatite rare ee ena oy pata ara nage 
Tag. hoe. eek ty Ut mutant pr oR iesed tee sth a a al ie ie lie tc $ my Oe dyeent ou es met ed ew . f ae » “i ee et uta er erent ye ee ¢ Bonini wi ana raat See erence er pngartafae ane ae pan tet at Pao 
eda ty Ug FMR Tee ERE Ne mpregcet Reagent Sy eepree FES rae eae ee var Ore 4 oof die ag a sid Li dis oad ale FON, page De Gra as eeee® skp ons eare ie teee NTS I ee ee nee Sipe ee SOO eS oneyeat CY gage 
ate she . Pre 2 el ah haeh iit fae, « bd Sah Ser we rte A - ure : clingthF , € , P 4 4 pap OT pli oe ener warren Oe eet eta 
Oe eet Oe Tart OAM O MORNE aty tah twin TONS to oe pts aerate sah . ; Pe ORS KAP LN pare pe oe feet a= A pega A 4 alae a ard fe Oe ot - tt ee ca a ce ar Na eere 
pdeac tee ie Need ae Paper FU Tlie fe E604" -e-i e  e- ae. ye +o . Aubwd ne rary pie wee pasaeune rare’ = oe yuyei® Lette os Sree se ures S Sacentter tw erence ie esa eon cea pete en peare ene 
7. ies wate ‘e Vem Mu a wits aun arte ye ot ray ty & rere é ay . onl ands ~ ae mujhe saat viyveer Enact" Oe ehen y pint pear a ee eee agente aA 
Ayu nae sete? nea Re eth rie Poe) er Cre, re ry ory ae re he gets , PAC ede ae | Afiagte sean PS er oo sogrpsey sacha Sepang OS * OBES gH ge ee 
anne wr Fad +o ¢ pry o% —t pit sf rip hea) Es a % ¥- te 4 . rer eh tee a ow 7 de» Fe 6 ap tll r P.gulte™ te » Sipe -ae% ne) ots ot avetu? PO ee ae reer . . ¢ ‘ é Sica naa eta er ae 
ae 1a Pye OPUS ™ et a Fate r Y Raa ate : av Srey . ~~ “ir er 4 Ren Page gestatteeh oS seta he? ta 2 BSUS c = ae BRAS 1 canara ane ay ae Tepe tede i pact ee er aE 
‘i = - “ ge ow im =” yw = » Me a s a sf 2 pu? 5 a eal 
anneal yea yeh, Ser ae a ar Me WE eur ov ee” eet 2 Pa eiPeM ore __ > r . od) Ag yee ied es . A / een Aus yay Pe ea . sae ah hapten ke “he paw f pot pre rora he ; eee gag sets? SATA a Faantat tia a nea ee 
PrMatanes We® Avert sy etete's 0 Meee oF PES “08% ar ytad Entrar’ oot - vine . we tod . Poh PS 0 aster wed e puree ste a ers Spgs FES v0re uly eae ee tO 
ears Le Ceetut ve at Son As pint se oa peg et ae Pele Oy RO aie Lire ws wv é gin ~ PF aes o ante ae Rts fF PS ae ge ites myo 
et a argon WP _ (Viet dns é nt 7 «, oi wd rf é Va si ~ asc ~ a 1 aby 4 ow “ ar of Fe8 xs at ve et OF fof ee Sid Si, gine n wast Ve 6 OPP” guage WR wh gia wy 
zs ats rd Deh pens es wv coh , sy twe . ey rs . es | ae ye = i * Putty u s “ale oe -_ we od ‘ feo oe? ON ste wate Re a) died ye eT yy parecer ee” pt ene FG ee 
2 pte eee . - oe ar r a ad 9 oe “Sgmadeart Wert . ‘ pervs ~ Pe LOM IS re ox 2G? #4 agedeede* Fak Sgt otyte"H® paste eed rseaaceeyns were Ss my ie 
peat ait \ ho Sm oh te adh tle PRC SN ee ae wri © wo"er * abst Fs if elo 18 ya ie aed Pe en I dad PALA Hb 0X" sea se ee eg Pe ade seat tare Soren 01 Oo TEE SY 
teas te eaiebend nana tea al aay Aree de De DB wep <p aieep 4 ged Vw PP Pree LIV ANS pot edt = ey del hated gt Ch e® Kegan ott seq (OT et ROA 
oa a0 eels AS: a ae 4 Hehe 7h wrens va Suter ° - be = - os geet pte eee ale or ape meine fete ee fea any tr PP fawn dn 8 Ws 609 OF sip bytes hr £00 6d Pape 
eh WrMsh OE va eat wv : Naa aie hak ar ‘ “ wt. - Pict gta nde DOT Oe . pet soyrrints VF yeiePeter gus WA Hwee aseeriveese™ nye f 
Ne te per ee Pag a neh YIU +e ovr ~~, " ‘ te ae ah da dele vw Maree A i angen esernnnaen ns Deh pappuee famine 
pero p Set heap fir Bie pe dg wee A Qairuare 8” ve a a bbs i Pefolaoet em reo LSet ce pus pee Tre aIrer wa PBDI O LON 
oft hae Bee ape ihe baht ee EY Scere ty toe rie ef a le pms 5 Baar . Soy ee Seta inpet ate” Teer eye ne penne apie eae ees bax 68 Ae 
sepa te Hegre ay My See SRT eT 1 FL ee vot etn? weg eagrit tbe Y wirub ty Fe ges SAMY Ee hath dla diet oll SALAS wns ee LD prectatretr erg Kit yas? Gey Pe. Oe a i ddl sWypn piaea ne o'e* = 
er take tne. LT feet BoM Fei ne 67K Rae te ttt fata as ante « wt ww = Nd Oe ee a ath 9 0% wos OG os . iw i OTe inh Linh ert Agha tg 1 0trre efpsecse” 
ONT ihe SE 8 PAT a Fae Peet, CAS" nN pire teeth Es ny Rely 8 Bn WAFS Be aul Mo, OF or eT i aries Gee doe . 4 ‘ OP Te eas ad | PN on tins ee atg@aads verte 
4 eA OO CEE rg tate EON RFS ra mreaoah = fot pt ae Eo pte rye bale beg Pa MW LS a, iva y ' en eed eter ’ {PerettPyR Hw” 9 OTE wt merous eee Ab OPT OT en pr 
fad dngee ay wrt ane dl? £ or ried Ye Phe al eh die pau” che To ag erly or ence aw ’ paca 7 “e racn ab urgnayeG sing: othe" 2 -. powers . . 
eee # . ings » ‘ whats Yietes are ~ " J Poin vite Oy ils roar oe ad sohgn OP pute > acet.sse¥ rl ae On ape rit = : ore 
: y aurea eee et etd fF OE Te hs a , Saree CNS - WE et hah WPT eet 0! ASW ogee emavnsn > te eae geaest assed Orr elas eT pr 
hed A+ faite APN ery uf 0s PN dds ae pauPrae-Oe Ov fst rs Tsay cage os AIO Nias 0 piers averne ey een geacatupaap wert r gree sere 2S pars ee wee eee allen 
wr! id Verney Fe Why? Ae i ae Wwe seg SER ’ . 7 ann aires? NASA Ty bore rental oaerna wae" Leite eed aetna cence ee ee oereee 
rete iy el ely pie he Gere ais PQ ia POTD age Leas eight OPS INDILY Ee pep nee te eile 4 Ca eed reece oom org a ag pyrene ‘ 
5 CRRA EE Neat Ve s fre S et pst Ar ere eet dl da al on py FT ele reser ge ge greene Lig naphtha age en rm a et Tn ac et te Fe aoe aN 
. aw ¥ we rigtd errree t* wer Wy t Ae ™ " * nage ana ote oT yur" aa ya! ep ore spn suew ey ee gerne se Poe Pf feesctaret Pot anrhocip ttc areoncena nea, ea rae ree 
a os FY M4 oy a sai tyre te Ay WANS i nF oe Ot at ° ap aS se PAINT LY ote dee de 9 Fee seer HAGE ONE wenaesesbssentoe” Or, A cna ee tata tate ance a aa ror Oe TS 
ae Z P Pt 2G VSS — : a aye r¥ “wens io Fo Oger st APES She's weg tert fe A ob. Ge eigtia® uf jgae a ae ceog hy leer? ‘ re 
J Peete na iw p ash Phe eT 88 cetgnt nfo rere oe PG ld es eae eeum eee Ee “ ee gevraB ST a? re oy serveur ese re aagtrah a tegoanrremtr ate meee Sree: 
. Py we iil Pe es FR Rae ‘ a spade ir . - yb aoa 4 he 4s eseeen Teh seciaibytet MEATS: f° # is go ooean errhp nes «mise a gnearen ae mt ofa BA FSO aged ar reeae yeas rk te ep ete See opera 
on babe peated a a tas tend rT Las ae orgs Fhe a Beye Ri® OLN Henle a Fes TAV EL” antag s oot a’ SRS AET OTE pratepesa 0928 60S ee ae es ace pet ar ee eae gt 
- FataPrc 6% Wel ~P “ a LOT a ha ey ’ oO ww wer Per Ve Page 4 Heh APRS 2 tat 4 seedy *yat eh wi AAV OR WP IATS ee eat eine 9 FL Ee ee ane een ear men rgese era rere Taree 
retk® Ae coe iy phar Wart ee © - ee Sys wud - sae mrs ew ‘ . y agsasrege VOR TN A F9 P t SO AT york te ecerann Ata GEE wrist ag ea ane een gae eet repeat 
: set ay Ay pad “w ind spb wu Con ar 0 Pad we a Aee el Pit ed Ot Pa GET ep ye grade ate seve pa jo omupaneee OS ew Ft Pryde EP acer te persere _ ‘4 sha Les gen eee te oe gee eae 
arts ps peter #. ms vot yt ae = Fa, acd aie rere tye ts MIS ak . PP pl AGG OS gtegetyye Peted Ss ats fe % Wea eT TF ee te Oa chap ataneienvegnen ee tEs steowe sprmnenye SBES ATLAS 0 wes PP tee pat 
Pers Lait nae Pe end U ag Une Te fyern FF wre a are the SUR Stree Sth eras eS 28 peraee " a Oe © IOUT a ah bra Ivo Abr O te AGUS (ted POT at ade NIT Pe La dal ag ones Nees Te 
Nee ee fut Te eee nin ete oe Gg nam ns f Oe 4 . pee if UCP SUF EN Oe ak bp aE eer oa sient oa OE ESS Ng brianna fae tet reret te aes ies eet ta 
our. em, be thas Chee endh-—dh dee we ‘ edt * ¥ to é eT at al eets. PEP eeenat oe eee Nig ie tomate Tet Sian alte Las mechan 
a FUMIE Aer Mh ea de ee ma * ’ r F aftr = os ROR Ne 8 A Bi HE Date oF tf git Frege eraser deve WOTUE IE Lh gs senenar sem esey ote U ee al 4 pa meata ware, 
ay id Nee ph = steko eh ww eed = FIVE Me Sa ite y Wy tab aes ne SPT Oh tatty hg tan BRS DD LN Suir we aegeorereard vote VV Oe ne Sern re awe reg see aa Tac gegen gage ‘a 
rt Se ean Re RN ee Ae ce ne 5 ST Ss te annie ents tent pe gmomaie Bese ttyotatannat eer ei i eae arene rs 
e "hd ie Pc Vata” Pye , .*s ‘ eigen ru we “we " Ss aft a5" won carynngriprs Marts Re ete il ep we ada® = = : ay - eet 
VA. 5 va 59 OE ee Go! MU TS TM © awe Am “ eae Ph * Fed aecedesen hee Bee es pag PT De teen a apie " se trans a cateate ere eee " 
e Rabie? ha Peart COPE FS ree) TN ee AS tai faclss et Porat: deine AT ped IY tal; re a8 Fo Seater etaunrete'e VET che Dileep pach ayer rena ct std ee seg trorer™ 
TS £9 PAA Petal 100 ACESS <? A pare : LA Oe cari at Ad OE ON Se ie LE ON nie? Aa ee wet hgh top POY TS ZS iahees rt PET he tae nett YI e lapped hm Gat tas pometet ATI, a 
° i peta e te WE Mpd NEAL SIS FO tar we ou av Fe aete seers: Se CY Sif: PS * ha br OM pn ne vsti b sure Na¥e 09 Tanctensait Sit irgeh beret emtgretnce as at ki ahd Piceptipne notre tain 
Jey ey Me ty Bee tyak a 4 pag ya eee ow. Foie f ¢ ae To pre nf Wi x ff € Pee a eg SRA ST otf> RF ed a Lila ft Gave pi 5 eyes SAN er pet ea eS oo re eg ARCS “he euprsacess Oe Me ighatent ee OOD one ov arenis rave e¥? 3 
rerwews ah Sphere ret « : A . . avngyrve PPR LUPO ¢ ye A OES ee “4 we PoP. AH ea wg Salling e J PAs hare” wp ure upsre 6S r wy te TY th iste ci peaaa nt ncnccuaeeoanes tera “4 eee cetera Sones an 
; 1 Lf OF gt OB ee .n pe eS , aif oP OIL OY ey SD ss ‘ hi hPa Pah rapasrrerh¥s prt Te : ee spe cee eee rrr es, 
; . ri Fe & OY rew't Az em ie PL: seed iad ites nf 208 ee Fitre 0 vie a 2. ee a te * steal eT PL RPS aye Pav er a at vat oe Sern teeter martes enema war eee nae canoe nape agar eta cae 
Win ¢ sreatur ia yeuwy ve Fyre -*_ meaty by 28 Por A f fbn “, raceme ce * er i dill ‘Sy Ae (0.2) + PA ‘ ; a OT aad paper Sed aaa eee ean ae 
As ot - ve w we wt "x wen Se war 2 othr ot TV ait Sw r GOL 0 lt VS ae Pir er | ve oe, preg ase . Towels Vee BE ee eee 
AK AM Hehe of Tes APMIS TEED. “Gg 9 TE oe Re Aes peorfu wre wre Fl gst s ee NeNe IN IR Ot on ga terw yn ee ke eat Me Sigh yee v0 negaredrs ta FIOM OI ig erat aos Fr geret Oe ea aga vee 
1a AM NAV few ee ta tt pos PS eee res why TP are rd Te ay OF gta Gry Reeve AGFA PE wy Ce RPR RL grand nee ti Se seae gosnet ire ine ccewtan ane eee vegheraere y rer rnny tio ONE pate 
TE ie ob arg a Li FLOODED yr Adar pte dar Se Bor” Oe r ad MEE eerie na nce anateat teen aae pa eta aT haat? uae ee nas woe ra lee 
16 ae a , hp gle et IN le Fate perl BO, Ba LK iI EIT Tie OT I a ne arta ee ea Lisnanat tnaeaaait retake anette eee poe Tages nar ot one 
2 er ig SILT yt ae ae o Fefl bse ate MeO 00 cw Ge9t Baden re” Ceara igitwry eae et een fare fare re ee a ate eee Serer . 
peter: 7 Eyer mA pe wi A EUTEY fay etary syacn nas Pet Fewer 26 aga ce® read he ra Fash Wanye s 00% hited abet eden pes oO etl ee tne 
EA et Caiireen Btls 2-7 OY a ae py Daal ear et N08 feeb font HTD STE renee YB Ne: : e gure bri ete opera oat nee eee a ae 
COQHATLS ur 97 f i Mie eT he Ld a dee owe pee eRe Ter ed bhai eo te ews a ef a ee preety iaiy pow Fat oe areata 
CP yk tat 1a eigcabtey C280%@ sat at RET BOE oye eas st geey: 708 gente re mposaenire nara 
faves t>8 pred tstsn SOUS FEDS fat arate alee aap eree dt perenne te negate meee on 
yw: sea vires 2h 9b p ve roteen oe prouipe cowte® rar rege TaN ess eer VIS FOF eid velcoirireynert gh gieneh 
ORT Ee halen! Fa oe eve OU HRT AONE Eee i sata A egee re regeraeaet a 
Birt Bel Saree deieti-t Vee pcan OES og . La 
cmepserory eo v9" 0 ’ Sathana nce a pute ee Lacs en pes 
meee mod eae ares 
oe 


Shh owe & 8.2 ere ver UF a“ ae 
a Mem BLP Sahel te “ ime 
‘ io ap ‘ —% bd 
wee. f or + fae | iho 
tt we Te i oe fae" ” vf 
wat a eS ah Beg tt forge & FIn® 
ae amavis” ono OF ragee ve 
soe ele ne ei pastes Waa gt ener oes 
ery ay anere™. Wear pre 
NF Oe ant sh Thad cor apres oto 
~~ oe S wewe wt 4a 
A ee af ately MP MO SO Arne OR ors pg OBOE OP ag ote Te. 
aware ee gate CT perenne 
aT ah re ich 





